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1.  INTRODUCTION 


The  Dragon  missile  is  a man-portable,  shoulder- fired  medium  range  anti- 
tank/assault weapon.  Stationary  or  moving  targets  up  to  1000-m  range  can  be 
attacked.  Operation  is  simple  and  automatic.  The  gunner  is  required  only  to 
keep  the  sight  crosshairs  aimed  at  the  target  until  the  missile  hits.  The 
Dragon  is  a wire-guided  command-to-line-of-sight  missile  system  designed  for 
use  in  any  terrain  or  environment  which  affords  a line  of  sight  to  the 
target. 

An  improved  training  device  was  required  for  training  gunners  in  the  use 
of  the  Dragon  missile.  The  Harry  Diamond  Laboratories  (HDD  was  tasked  by 
the  Project  Manager  for  Training  Devices  (PM-TRADE) , to  design  and  develop  a 
prototype  (brassboard)  device,  similar  to  the  tracker,  that  could  be  used  to 
evaluate  the  training  effectiveness  of  different  characteristics.  A similar 
device  (not  discussed  in  this  report)  employing  a different  technical 
approach  was  built  by  Martin-Marietta  Corp. , Orlando,  FL.  The  HDL  effort 
began  on  1 December  1975.  The  system  was  delivered  to  Port  Benning,  GA,  on 
11  June  1976.  Field  testing  was  initiated  on  7 July  1976  and  successfully 
completed  30  July  1976. 


2.  FUNCTIONAL  REQUIREMENTS 

A major  factor  affecting  the  Dragon  gunner's  proficiency  is  the  distract- 
ing effect  of  the  missile  in  the  gunner's  field  of  view.  The  present 
training  device  does  not  provide  practice  in  resisting  this  distraction.  The 
training  device  should  present  a realistic  simulation  of  the  missile  in  the 
gunner's  view  of  the  target  scene.  It  is  desirable  that  every  distracting 
aspect  of  the  missile  behavior  be  simulated,  including  obstruction  of  the 
view  of  the  target  early  in  flight,  side  thruster  flashes,  and  apparent 
diminishing  size  of  the  missile  as  the  engagement  proceeds.  The  most 
in^ortant  effect  is  the  violent  missile  motion  with  respect  to  the  gunner's 
crosshairs.  The  Dragon  training  device  must  therefore  provide  a real  time 
dynamic  simulation  of  the  missile's  flight,  closing  the  missile  guidance  loop 
by  performing  the  same  computation  with  the  same  accuracy  2md  response  as  the 
tactical  system. 

These  are  the  functional  requirements: 

a.  Simulation  of  the  missile  effects  includes  the  dyneunic  behavior  of 
the  missile,  audible  and  visible  side  thruster  firings,  obstruction  of  the 
view  of  the  target  early  in  the  engagement  with  apparent  diminishing  size  of 
the  missile  as  the  engagement  proceeds,  cuid  the  blurring  and  apparent  target 
motion  that  occurs  during  side  thruster  firings.  The  heated  air  in  the 
vicinity  of  the  side  thruster  causes  refraction  that  momentarily  blurs  the 
gxinner's  view  of  the  target  amd  madces  the  target  appear  to  move.  This  effect 
is  present  also  just  after  the  launch  of  the  missile. 
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b.  The  prototype  must  operate  with  targets  between  65  and  1000  m and 
crossing  speeds  of  0 to  35  km/hr. 

c.  An  audible  signal  indicating  aiming  error  will  be  provided  to  the 
gunner  as  follows:  (1)  No  tone  will  be  transmitted  if  the  gunner  is  aiming 
within  ±17  in.  (43  cm)  (vertically)  and  +56  in.  (142  cm)  (horizontally)  of 
the  optimum  aiming  point  at  the  junction  of  the  body  and  the  turret  of  a 
tactical  tank.  (2)  A steady  error  tone  will  be  transmitted  if  the  gunner  is 
aiming  outside  the  86  x 284  cm  area,  but  within  the  established  gunner  error 
edmlng  limits.  (3)  An  alarm  tone  will  be  transmitted  if  the  gunner  is  aiming 
outside  of  the  est2d)lished  gunner  aiming  limits.  Since  the  tactical  tracker 
does  not  make  amy  sound,  an  on-off  switch  for  the  audible  aiming  error  signal 
will  be  provided  for  evaluation. 

d.  An  audible  and  visible  Indication  must  be  provided  to  the  gunner  for 
a target  hit  or  miss. 

e.  The  range  of  all  targets,  including  targets  of  opportunity,  shall  be 
determined  automatically  and  related  to  the  time  of  flight. 

f.  The  capcdsllity  of  triggering  the  detectors  used  in  the  Multiple 
Integrated  Laser  Engagement  Simulator  (MILES)  System  shall  be  included. 

g.  A means  of  determining  miss  distance  after  a simulated  flight  must 
be  provided. 

h.  A capability  for  an  audio-visual  recording  of  the  gunner's  tracking 
and  the  simulated  flight  must  be  provided. 

The  brassboard  model  currently  built  at  HDL  has  met  all  the  functional 
requirements  listed,  except  for  automatic  target  remging  and  compatibility 
with  the  MI^S  System.  These  features  can  easily  be  incorporated  into  the 
system,  but  the  schedule  has  not  permitted  them  to  be  included  in  this 
brassboard  model. 


The  technical  approach  was  severely  constrained  by  the  requirement 
to  have  operating  hardware  . within  6 months.  This  aspect  of  the  progreun 
demanded  that  off-the-shelf  components  be  used  wherever  possible  and  that 
procurement  and  delivery  lead  times  be  given  prime  consideration.  Figure  1 
is  a photograph  of  the  brassboard  model  training  device  in  front  of  the  van 
containing  the  electronics  (fig.  2). 
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The  target  scene  is  viewed  by  a color  vidicon  camera  located  in  the 
tracker.  The  simulated  missile  image  is  added  to  the  target  scene,  and  the 
composite  picture  is  displayed  on  a color  kinescope  in  the  tracker.  The 
eyepiece  and  trigger  interface  on  the  brassboard  model  are  identical  to  the 
tactical  tracker.  The  gunner  views  the  target  scene  by  looking  through  the 
eyepiece  at  the  color  kinescope.  Simple  optics  in  the  eyepiece  provide  the 
appearance  of  distance  similar  to  the  view  through  the  tactical  tracker. 

A continuing  problem  with  all  types  of  training  devices  for  weapons 
using  an  optical  sight  is  the  lack  of  a capedaility  to  track  uncooperative 
targets  to  determine  the  gunner's  performance.  Solution  of  this  problem 
would  benefit  tactical  weapons  as  much  as  training  devices.  Investigation 
has  revealed  that  there  are  currently  no  techniques  available  to  track 
uncooperative  targets,  but  that  high-speed  digital  processing  coupled  with 
high-resolution  television,  radar,  or  thermal  imaging  is  promising  and 
deserves  further  research.  Since  a conditioned  target  was  required  for  the 
brassboard  model,  an  infrared  (IR)  source  located  on  the  target  was  selected 
as  the  technical  approach  with  the  lowest  risk. 

Motion  of  the  crosshairs  with  respect  to  the  target  needs  to  be 
sensed  and  acted  upon  to  produce  the  missile  motion  and  to  determine  the 
gunner  aiming  error.  A bright  spot  of  IR  light  on  the  target  was  sensed  by  a 
black  and  white  vidicon  camera  in  the  tracker,  whose  field  of  view  is 
filtered  to  allow  only  the  IR  through.  The  color  vidicon  viewing  the  target 
scene  was  filtered  to  make  the  IR  bright  spot  on  the  target  invisible  to  the 
gunner.  Knowledge  of  the  location  of  the  IR  spot  with  respect  to  the 
crosshairs  and  the  target  range  permits  computation  of  the  motion  of  the 
crosshairs. 

Prior  to  firing,  the  instructor  sets  the  range  and  crossing  speed  of 
the  target  using  a Teletype  (TTY)  keyboard.  The  minicomputer  uses  the  range 
and  crossing  speed  settings  and  the  sensed  location  of  the  IR  source  to 
calculate  the  simulated  missile  flight  and  gunner  aiming  error.  At  the  end 
of  the  simulated  flight,  the  minicomputer  indicates  a hit  or  miss  and 
displays  the  miss  distance  in  meters  on  the  teletype. 

For  the  brassboard  model,  the  minicomputer  and  electronics,  the 
audio-video  recorder,  and  the  power  supply  are  placed  in  a van  and  connected 
to  the  tracker  by  a cable-  Ultimately,  all  the  electronics,  except  for  the 
power  supply  and  video  tape  recorder,  will  be  located  in  the  tracker.  The 
power  supply  can  be  packaged  to  look  like  a spare  round  connected  by  a cable 
to  the  tracker.  The  video  tape  recorder  will  remain  a separate  piece  of 
equipment. 

The  requirement  for  video  tape  recording  necessitates  a television 
(TV)  camera  txibe,  such  as  a vidicon.  Since  the  audio-video  recording  must 
contain  the  missile  image,  as  well  as  the  terrain  and  target  seen  by  the 
gunner,  the  video  used  to  generate  the  missile  image  must  be  combined  with 


the  vidicon's  output  video  to  produce  the  video  tape  recording.  This 
combination  suggests  that  the  view  presented  to  the  gunner  during  a simulated 
firing  need  be  only  the  color  kinescope.  Several  aspects  of  the  training 
requirement  favor  this  approach. 

First,  the  relative  realism  of  the  target  scene  and  the  distracting 
missile  should,  in  the  training  device,  be  weighted  in  favor  of  a more 
realistic  distraction.  Since  the  system  will  use  a color  cathode  ray  ttibe 
(CRT)  for  the  distracting  missile  image,  and  since  a composite  video  suitable 
for  presenting  the  total  scene  must  be  generated  for  the  video  tape  recorder, 
it  is  logical  to  use  a color  CRT  for  the  gunner's  sight. 

Second,  there  is  no  readily  available  way  to  optically  combine  the 
target  and  terrain  view  and  the  missile  image  in  a completely  realistic 
fashion.  In  the  actual  Dragon  engagement,  the  missile  completely  obscures 
that  part  of  the  target  and  terrain  scene  beyond  it.  Additive  combination  in 
a model  optical  system  will  not  obscure  the  scene.  Making  the  missile  image 
brighter  thzin  the  target  scene  so  that  the  missile  overpowers  the  scene  is 
not  very  realistic.  It  may  be  possible  optically  to  selectively  blank  the 
target  and  terrain  scene  beyond  the  missile  and  to  substitute  the  missile 
image,  but  using  a color  CRT  to  portray  the  whole  scene  is  a simple 
electronics  operation. 

Third,  the  momentary  blurring  and  apparent  motion  of  the  target 
caused  by  light  refraction  through  the  heated  air  when  the  side  thrusters 
fire  can  be  easily  simulated  on  a color  CRT. 

Fourth,  distracting  effects  such  as  smoke  and  fog  can  be  readily 
simulated  on  the  CRT. 

Fifth,  the  view  through  the  night  sight,  including  the  missile 
display,  also  can  be  easily  incorporated  by  this  technical  approach  with  a 
CRT. 


There  is  only  one  technique  for  generating  in  full  color  an  image 
whose  size  and  position  are  readily  controllable,  with  no  development, 
procurement,  or  delivery  lead  time  problems.  Color  kinescope  systems  are 
available  off  the  shelf,  complete  with  all  the  associated  electronics  for 
providing  their  necessary  electrode  voltages  and  raster  scan.  No  other 
readily  available  means  for  producing  a missile  image  will  accept  the  three 
inputs  of  missile  center  position,  missile  size,  and  side  thruster  flash 
command.  The  missile  image  itself  could  be  produced  by  playback  of  a 
recording  or  by  a hardware  synthesizer.  For  this  brassboard  model,  a 
hardware  synthesizer  is  used  to  generate  a colored  disc  to  represent  the 
missile. 
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A block  diagram  of  the  details  of  the  brassboard  model  is  shovm  in 
figure  3.  Those  items  within  the  dotted  rectangles  are  mounted  in  the 
tracker  on  the  launcher.  The  minicomputer  and  interface  hardware,  the 
audio-video  recorder,  and  the  system's  power  supply  are  connected  to  the 
tracker  by  a Ceible. 


Figure  3.  Brassboard  system.  I 

A commercial  minicomputer  is  used  to  calculate  the  simulated  missile  ' 

flight  path;  give  the  missile  position,  size,  and  side  thruster  commands;  j 

determine  the  gunner  aiming  error;  command  audible  error  signals  if 
necessary;  and  determine  if  a hit  or  miss  occurred  at  the  target.  A j 

microprocessor  small  enough  to  be  mounted  inside  the  brassboard  tracker  can  i 

be  used  in  the  final  production  design.  The  schedule  has  not  permitted  j 

procurement  and  programming  of  a microprocessor  for  the  brassboard  model. 


Automatic  range  finding  and  target  crossing  speed  have  not  been 
incorporated  into  this  brassboard  model  within  the  schedule.  A TTY  has  been 
provided  for  this  information  to  be  entered  into  the  minicomputer  prior  to 
each  shot. 

The  target  crossing  speed  must  be  known  in  order  to  simulate  the 
flight  of  a real  missile  against  a crossing  target.  The  real  missile  lags 
behind  the  line  of  sight  defined  by  the  crosshairs  when  tracking  moving 
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targets.  The  horizontal  distance  of  lag  increases  proportionally  to 
increasing  crossing  speed  and  decreasing  range.  In  the  final  production 
design,  the  target  crossing  speed  can  be  determined  by  using  a gyroscope 
mounted  in  the  tracker  simulator  or  by  using  an  angular  readout  device  built 
into  the  bipod. 

Although  color  is  proposed  for  the  most  realism,  the  primary  purpose 
of  the  training  device  is  not  necessarily  a realistic  gunner's  view.  If 
black  and  white  or  monochrome  can  be  used  successfully  to  train  gunners,  then 
the  added  complexity,  weight,  bulk,  and  expense  of  color  should  not  be 
included  in  the  final  design  for  production.  A "color  killer"  switch  has 
been  included  in  the  brassboard  unit  so  that  black  and  white  or  monochrome 
can  be  compared  with  full  color  for  relative  training  effectiveness. 

Detailed  instructions  on  the  actual  operation  of  the  brassboard 
system  are  in  the  User's  Manual  (app  A).  A more  complete  discussion  of  the 
technical  areas  of  the  prototype  tracker  follows. 

3.2.  Minicomputer  and  Interface  Electronics 

The  missile  flight  simulation,  scoring,  and  calibration  of  the 
Dragon  brassboard  are  done  on  a Data  General  NOVA  1200  Minicomputer.  The 
computer  has  the  following  options: 

8192  words  core  memory 

Power  fail/autorestart  interrupt 

Hardware  multiply /divide 

Teletype  interface  j 

16-bit  parallel  input-output  (I/O)  interface  ("DIO")  ] 

i 

The  central  processing  unit  (CPU)  is  a multiaccumulator  processor  with  16  ] 

levels  of  maskable  interrupts  and  indexed  addressing  of  all  of  the  memory.  ' 

An  accumulator-to-accumulator  addition  is  executed  in  1200  ns.  The  m£ucimum  ; 

interrupt  latency  is  7 ps.  ' 

i 

Communication  between  the  computer  and  the  IR  tracker,  tha  missile  i 

and  flcime  generators,  and  the  two  sound  generators  is  done  via  a multiplexer  j 

(DIO  controller)  of  HDL  manufacture  via  the  DIO  interface.  I 


The  DIO  controller  has  the  capeibility  of  addressing  up  to  256  12-bit 
parallel  inputs  or  outputs.  The  250  addresses  are  divided  into  16  units 
(UNOO  to  UN15)  of  16  registers  (RGOO  to  RG15)  each.  Unit  and  register 
assignments  and  instructions  on  programming  the  DIO  controller  follow.  The 
DIO/DIO  controller  has  the  capability  of  interrupting  the  CPU  at  the  end  of 
each  output  or  when  an  input  is  ready  or  of  requesting  an  external  interrupt. 


i 

I 
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The  DIO  interface  is  mounte<?  in  the  computer  and  connected  via 
16-conductor  ribbon  cable  to  the  DIO  controller,  which  is  mounted  in  the 
equipment  cabinet  directly  below  the  computer. 

3.2.1  Input-Output  Controller 

The  DIO  controller  has  the  following  unit  and  register 
assignments : 

Unit  00:  missile  emd  thruster  generator 
Missile 


Register 


00 

-X 

01 

-z 

02 

X 

High  order  bits 

03 

X 

Low  order  bits 

04 

z 

High  order  bits 

05 

z 

Low  order  bits 

06 

R 

High  order  bits 

07 

R 

Low  order  bits 

Flame 

08 

£ 

Start 

09 

Z_ 

End 

10 

w 

Width 

11 

Z 

Start 

12 

Y 

Increment  per  z 

Coordinates  are  with  respect  to  the  upper  left  corner  of  the  tracker  screen. 
All  words  are  12  bits  long.  A "1"  in  register  06,  bit  04,  turns  the  missile 
off.  A "1"  in  register  12,  bit  04,  turns  the  flame  off. 

Unit  01:  IR  beacon 

Register 

00  Z Spot  position  with  respect  to  upper  left  corner  (vertical) 

01  Y Spot  position  with  respect  to  upper  left  corner  (horizontal) 
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Unit  02 : audio  control  words 


Regu.ster  Bit 

00  Missile  audio  control 

04  Thruster  fire 

05  Hit  indication 

06  Miss  indication 

07  Launch  effects 

10  to  15  Sound  magnitude 

00  Maximum  sound  magnitude 

77  Minimum  sound  magnitude 

01  Aiming  error  control 

04  Alarm 

05  Error 

10  to  15  Sound  frequency 

00  Minimum  value  of  frequency 

77  Maucimum  value  of  frequency 

The  data  output  to  the  DIO  controller  has  the  format  shown  in 

figure  4. 


on  2 3 ' 4 5 6 ' 7 8 9 '10  11  12'  13  14  15 

Figure  4.  Data  output  to  input-output  interface  controller. 

Bits  0 emd  1 are  used  to  generate  three  different  control  signals 

to  the  controller: 

00  UNCLR  Clears  the  controller  to  UNOO,  RGOO;  clears  the  interrupt 
request  flip-flop  circuit,  and  waits  for  an  external  interrupt 

11  UNPLS  Clears  the  interrupt  request  flip-flop  and  loads  the  unit  select 
register  and  the  register  select  counter 

00  UNSTRT  Clears  the  interrupt  request  flip-flop,  transmits  12  bits  of 
data  from  the  specified  accumulator  to  the  selected  unit  and 
register,  and  clocks  the  register  counter  to  the  next  value 

All  outputs  are  done  by  using  this: 

DOAS  (AC) , DIO 

All  inputs  are  done  by  using  this: 


DIA  (AC) , DIO 


3.2.2  Dragon  Operating  System 


The  Dragon  operating  system  has  four  major  inodes.  The  power-up 
(PWRUP)  mode  is  used  only  to  initialize  the  system  at  power-on  time  ^uld  to 
run  diagnostic  tests.  The  Dragon  start  (DGNST) , run  (RUN),  and  Dragon  end 
(DGNEN)  modes  control  the  Dragon  training  exercise.  The  mode  of  the  system 
is  defined  by  the  value  of  SYSMD,  on  page  0 of  NOVA  MEMORY.  The  following 
gives  a brief  description  of  each  of  the  system  operating  modes.  Detailed 
information  can  be  obtained  from  the  program  listing  (app  B) . 

a.  Power-up  mode. — The  power-up  mode  is  initiated  automatically 
when  the  computer  ac  line  voltage  is  turned  on.  If  data  switches  13,  14,  and 
15  are  set  to  the  octal  value  4,  5,  6,  or  7,  the  appropriate  test  program  is 
started.  If  the  data  switches  are  not  set,  the  power-up  mode  is  completed, 
and  the  system  is  ready  to  start  a training  exercise.  A description  of  the 
test  progreuns  follows  this  description  of  the  power-up  mode. 

All  system  parameters  are  reset  during  this  phase.  Also,  the 
Iterator  is  queried  as  to  the  date  and  time  of  day.  The  time  of  day  is  kept 
in  24-hr  time  and  is  automatically  incremented  by  the  60-Hz  interrupt  line 
from  the  video  system. 

The  routines  that  request  the  operator  to  type  responses  on  the 
TTY  keyboard  are  programmed  so  that  the  operator  may  type  only  a response  of 
the  correct  form. 

The  power-up  mode  may  be  initiated  from  the  keyboard  at  any 
time  by  depressing  "CTRL"  and  "P"  at  the  same  time. 

To  start  a test  program,  the  operator  sets  the  data  switches  to 
the  desired  test  program  octal  value  and  types  "CTRL"  and  "P"  on  the  TTY. 

Value  Test 

4 Beacon  (BTEST) 

5 Missile  (MTEST) 

6 Tracker  alignment  (ALIGN) 

7 Sound  (SOUND  TESTS) 

The  beacon  test  routine  reads  the  IR  beacon  position  amd  prints 
the  coordinates  (decimal)  in  scan  lines  from  the  top  left  corner  of  the 
tracker  tube.  The  beacon  position  is  printed  on  receipt  of  any  character 
from  the  keyboard. 
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Meaning 


Data  switch 
setting 

0 Return  to  system 

1 Continuous  print 


The  missile  test  routine  displays  a missile  image  at 
location  128  on  the  color  monitor.  The  radius  squared  of  the  circle  is 
defined  by  the  switch  register. 


Data  switch 
setting 


Mectning 


0 Return  to  system 

4 to  15  Radius  squared 


The  alignment  routine  is  used  to  align  the  two  TV  cameras  to 
each  other  and  to  measure  the  displacement  between  the  beacon  and  the  aiming 
point.  The  procedure  is  as  follows: 


(1)  The  operator  starts  "ALIGN. " A small  circle  appears  at  the 
center  of  the  screen. 


(2)  He  mcinually  places  the  crosshairs  on  the  surface  of  the 
screen  so  that  they  are  centered  over  the  small  circle. 

(3)  He  pulls  the  trigger  and  turns  on  the  beacon. 

(4)  A larger  circle  at  the  beacon  position  appears  on  the 
screen.  This  circle  tracks  the  beacon  position. 

(5)  The  operator  aims  the  tracker  at  the  aiming  point.  If  the 
circle  overlaps  the  crosshairs,  he  pulls  the  trigger,  and  the  program  returns 
control  to  the  system.  If  the  circle  does  not  overlap  the  crosshairs,  he 
proceeds  to  step  (6) . 

(6)  While  continuing  to  point  the  tracker  at  the  aiming  point, 
the  operator  unclamps  the  black  and  white  camera  and  moves  it  so  that  the 
circle  overlaps  the  aiming  point.  He  reclamps  the  camera  and  goes  back  to 
step  (5) . 

(7)  Lifting  switch  0 after  the  first  trigger,  the  operator 
aborts  "ALIGN"  and  returns  to  the  system. 

The  sound  test  routine  tests  both  the  missile  sounds  and  the 
aiming  error  sounds. 
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Data  switch 
setting 

0 

1 

CLR 

Missile  test  data 
switch  setting 

4 

5 

6 
7 

10  to  15 


Meaning 

Return  to  system 
Missile  sound  test 
Aiming  error  test 

Meaning 

Thruster  sound 
Hit  indication 
Miss  indication 
Launch 
(Value  bits) 


b.  Dragon  start  mode. — The  Dragon  start  mode  initializes  the 
parameters  that  relate  directly  to  the  flight  simulation.  After  initializing 
the  simulation  parameters,  the  values  over  which  the  operator  has  control  may 
be  set: 


Instructor  identification  (ID) 

Gunner  ID 
Sky  condition 

Audio  aiming  aids  (encdsled  or  not  enabled) 
Missile  image  (enabled  or  not  enabled) 

Hit  or  miss  indication  (enabled  or  not  enabled) 


The  program  requests  the  operator  to  indicate  whether  these  pcurameters  need 
to  be  changed.  If  they  need  to  be  changed,  the  operator  is  queried.  If  they 
do  not,  the  operator  is  then  requested  to  enter  the  target  range  and  speed. 
After  the  target  range  and  speed  have  been  enabled,  the  system  enables  the 
gunner's  trigger  and  waits  until  a firing  occurs.  The  start  sequence  may  be 
reinitiated  at  any  time  by  the  operator's  depressing  "CTRL"  and  "R"  on  the 
keyboard. 


c.  Run  mode. — The  run  mode  controls  the  actual  Dragon  flight 
simulation.  The  run  mode  is  entered  when  the  gunner  pulls  his  trigger. 

The  interrupt  system  receives  missile  and  thruster  data  from 
the  simulator  loop  and  outputs  the  data  to  the  missile  and  thruster  generator 
for  display  on  the  tracker  simulator.  The  simulator  loop  also  sends 
thruster,  hit,  and  error  information  to  the  interrupt  control  system.  This 
information  is  displayed  if  the  appropriate  options  are  enabled.  Thruster 
and  hit  information  is  sent  through  a time  of  flight  servomechanism  to  delay 
and  attenuate  the  required  sounds  as  a function  of  missile  range. 
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The  operating  system  forces  the  simulator  loop  to  be  executed 
at  a 30-Hz  rate  until  the  missile  is  lost  from  the  tracker's  field  of  view  or 
the  missile  reaches  the  target  plane. 

d.  Dragon  end  mode. — The  Dragon  end  mode  is  entered  when  the 
missile  is  lost  from  the  tracker's  field  of  view  or  the  missile  reaches  the 
target  plane.  This  mode  always  prints  out  a shot  serial  number,  the  date, 
2md  the  time  of  day. 

If  the  missile  is  lost,  the  flight  is  terminated,  and  the 
range  at  termination  is  indicated.  If  the  missile  reaches  the  target  plane, 
the  missile  position  is  compared  with  a rectangle  cdsout  the  aiming  point  with 
edges  +1.4  m from  the  aiming  point,  top  0.6  m cdxjve  it,  and  bottom  0.2  m 
below  it.  A hit  is  indicated  as  a hit;  a miss  is  indicated  by  the  miss 
distance  from  the  aiming  point. 

After  scoring  information  is  printed,  the  Dragon  start  mode  is 
reinitiated  for  the  next  shot. 


3.3.  Missile  Image  Simulation 


A method  has  been  developed  to  simulate  the  Dragon  missile  image, 
including  thrusters.  Using  the  guidance  equations  for  the  real  missile,  the 
computer  calculates  the  location  (x  , y ) of  the  center  of  the  circle 
simulating  the  missile,  and  it  also  determines  the  firing  angle  of  the 
thruster.  The  minicomputer  does  not  work  fast  enough  to  provide  the  circle 
and  thruster  images.  Special  high-speed  electronic  circuitry  has  been 
designed  to  generate  the  circle  and  thruster.  A digital  approach  was 
selected  for  con^atibility  with  the  TV  picture  tube  display  of  the  target 
scene . 

The  body  of  the  missile  is  simulated  by  using  a circle.  Two 
constraints  are  that  the  center  of  the  circle  can  be  located  anywhere, 
including  out  of  the  target  scene,  and  that  the  circle  can  be  any  size.  The 
equation  of  a circle  is  this: 


■ (y  - y„f  (»  - 


where  x and  y are  the  coordinates  of  the  center  of  the  circle  and  r is  the 
j.  o ■’o 
radius . 

To  determine  if  a point  on  the  target  scene  is  inside  or  outside  a 
given  circle,  the  following  inequality  is  used: 


- (y  - > (x  - x^)! 


The  radius  is  fixed  for  each  TV  frame.  Since  the  TV  sweeps  each 
horizontal  line  in  sequence,  (y  - y stays  constant  on  each  line.  This 
mefins  that  r^  - (y  - y )2  need  be  computed  only  once  each  line.  This  compu- 
tation could  be  accomplished  during  the  time  required  for  a horizontal 
retrac'=!  of  the  TV. 


Each  line  is  divided  into  resolution  cells  which  specify  position. 
The  number  of  resolution  cells  is  determined  by  the  physical  characteristics 
of  the  TV  picture  tube.  The  picture  tube  used  in  this  system  has 
approximately  256  resolution  cells  per  line,  and  (x  - x changes  with  each 
new  position  on  each  horizontal  line.  The  rapid  change  $n  (x  - x requires 
that  the  squares  of  the  x position  relative  to  the  end  of  the  line  must  be 
computed  very  quickly. 

The  final  subtraction  is  (r^  - y2  ) - x2  . A positive  number 

results  in  0 for  the  sign  bit,  which  indicates  tHat  the  point  is  inside  a 

circle  of  radius  r centered  at  x , y . 

o •'o 

A block  diagram  of  the  circle  generator  is  shown  in  figure  5. 


At  each  point  on  the  screen,  y^  and  x^  represent  the  square  of  the 
y eind  X distances  from  the  center  of  the  circle.  Then 


2 2 

r - y 

r 


r ^ 


>0,  the  point  is  inside  the  circle, 
<0,  the  point  is  outside  the  circle, 
=0,  the  point  is  on  the  perimeter. 


The  most  significant  bit  (MSB)  of  the  difference  provides  the 
following  information; 


I MSB 


<0, 

0 ->■  >0, 


the  point  is  outside, 

the  point  is  inside  or  on  the  perimeter. 


This  information  is  used  to  switch  the  video.  To  avoid  noise,  the 
MSB  is  latched  with  the  horizontal  clock. 


The  missile  thruster  is  simulated,  by  a series  of  straight  lines  as 
shown  in  figure  6. 

The  starting  point  of  the  thruster  is  referenced  to  the  center  of 
the  circle  so  that  the  counters  in  the  circle  generator  can  be  used  to 
determine  the  thruster  position.  A block  diagram  of  the  thruster  simulation 
is  shown  in  figure  7. 


Photographs  of  the  circuit  boards  for  the 
generators  are  shown  in  figures  8 and  9. 


circle 


and  thruster 
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x and  x’  loaded  by  computeb 

o o 


X and  x^^j  clocked  on  positive  edge  op  horizontal  clock  ('v6  HHi) 

xj  CLOCKED  ON  NEGATIVE  EDGE  OP  HORIZONTAL  CLOCK 

x’  SELECTED  DURING  HORIZONTAL  RETRACE;  ALL  OTHER  TINES  xj  PED  BACK  AROUND 


V„  REGIS rCH  COUNTER 


y AND  y'  LOADED  BY  COHPUTER 
o o 


X AND  X CLOrKED  ON  POSITIVE  EDGE  OF  HORIZONTAL  RETRACE 
cnt 

CLOCKED  ON  NEGATIVE  EDGF  OF  HORIZONTAL  RETRACE 
' r 

y^  SELECTED  DURING  VERTICAL  RETRACE;  ALL  OTHER  TIMES  y^  FED  BACK  AROUND 
o r 


NOTES: 

SELECTED  BY  COMPUTER  AS  STARTING  COORDINATES 
FOR  CIRCLE  AND  ITS  RADIUS. 

■enl'  '^cnr  COORDINATES  OF  BEAM  AT  ANY  INSTANT. 

D.  Q:  INPUT  AND  OUTPUT  OF  FLIP-FLOP  CIRCUIT, 
dk:  CLOCK  INPUT  TO  flip-flop  CIRCUIT. 

Figure  5.  Circle  generator. 


O-^ 

[ Figure  6.  Missile  thruster  simulation. 
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NOTES. 

x:  FROM  CIRCLE 
v;  FROM  CIRCLE 
Xj.  Yj!  X and  y START 
Xg.  Vg:  X AND  V END 
W:  WIDTH 
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Figure  9.  Missile  thruster  generator  board. 

3.4  Simulation  of  Dragon  Guidance  Equations 

The  tactical  Dragon  tracker  produces  error  signals  with  a constant 
ratio  of  voltage  to  linear  distance  for  both  vertical  and  horizontal 
displacements  of  the  missile  from  the  line  of  sight.  Each  error  signal  is 
filtered  by  a network  whose  step  response  is  of  the  form  A(1  + Be”°^)  = R(t) . 
By  taking  only  the  increment  (decrement)  of  error  signal  at  each  sampling 
instant,  the  simulation  produces  steps  of  error  voltage  E(Sk)  = 

£uid  AE(Sk)(l  - is  the  response,  at  the  kth  sample,  of  the  filter  to 
this  step  of  error  voltage.  The  sum  of  all  the  error  steps  thus  derived  is 
the  error  signal,  and  the  sum  of  the  filter  responses  to  all  these  step 
inputs  is  the  filter  output  of  both  the  vertical  and  the  horizontal  simulator 
channels.  The  vertical  channel  signal  in  the  real  tracker  is  then  integrated 
and  summed  with  a voltage  whose  magnitude  is  proportional  to  the  excess  of 
the  horizontal  channel  signal  voltage  magnitude  above  a fixed  magnitude 
threshold.  The  resultant  sum  is  compared  to  a fixed  threshold  to  determine  a 
thruster  firing  enable  signal. 

In  the  simulator,  a summation  is  substituted  for  the  vertical 
channel  Integration;  otherwise,  the  simulation  is  identical  in  determining 
thruster  firing  enable.  The  horizontal  error  voltage  in  the  tracker  is 
filtered  by  the  guidance  wire  that  conveys  signals  to  the  missile,  and  a 
filter  approximating  this  filtering  action  is  inserted  between  the  horizontal 
channel  and  the  threshold  magnitude  circuit.  Since  the  simulation  requires 
no  guidance  wire,  this  filtering  effect  is  not  included  anywhere  in  the 
simulation.  Propagation  delay  introduced  by  the  guidance  wire  is  included  in 
the  simulation,  as  are  missile  roll  rates  and  missile  roll  position  effects 
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when  the  horizontal  error  voltage  is  used  to  determine  the  thruster  firing 
command  in  the  simulation  exactly  as  it  is  used  in  the  Dragon  missile.  The 
simulation  keeps  track  of  which  thrusters  have  been  fired  and  picks  the 
earliest  available  thruster,  exactly  matching  the  real  Dragon  missile 
behavior . 


The  position  of  a Dragon  missile  was  first  simulated  by  a computer 
program  using  Johns  Hopkins  University  Applied  Physics  Laboratory  (APL) 
computer  language  prior  to  doing  the  program  for  the  NOVA  minicomputer.  The 
principles  of  thruster  fire  control  used  in  the  actual  missile  are  used  in 
the  program.  Since  the  simulation  must  be  used  in  an  integer  word 
minicomputer,  the  variables  in  the  APL  program  have  integer  values. 
Variables  are  scaled  so  that  sufficient  accuracy  is  obtained.  The  Dragon 
brassboard  simulator  updates  data  every  1/30  s;  therefore,  the  program 
computes  the  position  of  the  missile  every  1/30  s.  The  input  data,  obtained 
every  1/30  s,  are  the  number  of  vertical  and  horizontal  screen  scan  lines 
between  the  line  of  sight  of  the  weapon  and  the  center  of  the  target.  The 
output  is  the  number  of  vertical  and  horizontal  screen  scan  lines  between  the 
line  of  sight  and  the  computed  position  of  the  missile. 

The  simulation  begins  at  trigger  pull  time  of  flight  (TOF)  = 0. 
Then  TOF  is  incremented  in  steps  of  1/30  s.  The  missile  begins  to  move  at 
TOF  = 23,  and  the  first  thruster  fires  at  TOF  = 36.  In  the  program,  the 
missile  position  is  computed  in  an  x,  y,  z coordinate  system  with  the  origin 
at  the  launch  tube,  the  x axis  in  meters  is  measured  along  the  line  of  sight, 
the  y axis  in  millimeters  is  horizontal  and  positive  to  the  gunner's  right, 
and  the  z axis  in  millimeters  is  vertical  and  positive  in  the  upward 
direction. 

At  each  time  increment,  the  position  of  the  missile  is  updated  to 
allow  for  the  effects  of  missile  inertia  and  of  gravity.  If  the  line  of 
sight  has  moved  with  respect  to  the  target,  the  missile  also  moves  with 
respect  to  the  line  of  sight.  The  new  y and  z positions  of  the  missile  are 
used  by  the  y filter  and  the  z filter.  The  y filter  computes  an  angle  (p 
indicating  the  direction  in  which  the  thruster  should  be  fired.  The  z filter 
numerically  integrates  a function  of  the  z position.  When  the  integral  is 
greater  than  a function  of  the  angle  <)>,  a flag  is  set  to  fire  a thruster.  A 
thruster  firing  is  represented  by  changing  the  y velocity  of  the  missile  by  a 
constant  times  sin  <l>  and  by  changing  the  z velocity  of  the  missile  by  the 
constant  times  cos  ij> . In  the  APL  program,  the  process  continues  until  the 
range  of  the  missile  is  equal  to  or  greater  than  the  range  of  the  target;  but 
in  the  minicomputer,  the  simulation  also  terminates  when  the  missile  has 
traveled  1100  m or  when  30  thrusters  have  been  fired. 

The  APL  function  SIGHT  is  used  to  generate  simulated  input  data  for 
the  APL  program.  In  the  minicomputer,  these  data  are  received  from  the  IR 
tracker  electronics  in  the  brassboard  tracker.  For  sample  input  data,  the 
APL  program  and  the  minicomputer  program  give  the  same  results,  and  these 
results  closely  correspond  to  the  known  trajectory  of  the  actual  missile. 
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Appendix  C contains  a block  diagram  of  the  APL  program  and  the  APL 
program  listing  for  the  guidance  equations  simulation. 

3.5  Infrared  Tracker  Electronics 

The  vertical  and  horizontal  coordinates  of  the  IR  beacon  are 
measured  by  the  IR  tracker,  which  comprises  a TV  camera  with  an  IR-sensitive 
vidicon,  a lens  system  with  a 3-deg  field  of  view  and  an  IR  selective  filter, 
and  a coordinate  readout  system.  The  coordinate  readout  system  provides  a 
digital  count  of  (1)  the  vertical  lines  in  the  TV  scan  between  the  top  of  the 
camera  field  of  view  and  the  IR  beacon  spot  and  (2)  the  horizontal  clock 
positions  between  the  left  edge  of  the  camera  field  of  view  and  the  IR  beacon 
spot. 

To  assure  that  the  IR  tracker  is  producing  IR  beacon  position 
coordinates,  rather  than  bright  sun  glints,  the  IR  beacon  is  made  as  bright 
as  is  reasonably  possible,  and  IR  filtering  is  used  at  the  beacon  and  the 
camera.  To  guard  against  erroneous  inputs  to  the  computer  due  to  occasional 
sun  glints  that  sometimes  are  brighter  than  the  beacon,  use  is  made  of  the 
fact  that  the  electron  beam  in  a vidicon  scans  off  about  80  percent  of  the 
image  that  the  vidicon  target  has  stored  on  it.  Thus,  the  IR  beacon  appears 
only  in  alternate  scans,  and  the  tracker  system  can  distinguish  this 
alternating  component  of  the  TV  camera's  video  output  from  the  balance  of  the 
scene  which  is  present  on  every  scan,  sending  a signal  to  the  computer  that 
labels  each  measurement  either  good  or  bad.  The  IR  beacon  is  pulsed  on 
during  every  other  vertical  flyback  of  the  TV  scan. 

During  the  scan  immediately  following  this  pulse,  the  coordinate 
system  finds  the  position  of  the  brightest  spot  in  the  scan,  stores  the 
(analog)  amplitude  of  the  camera  video  at  this  point,  and  remembers  the 
position  coordinates  of  the  point.  This  scan,  immediately  following  the 
beacon  pulse,  is  called  the  seek  field.  During  the  subsequent  scan,  called 
the  check  field,  the  (analog)  amplitude  of  the  camera  video  at  the  remembered 
position  coordinates  is  compared  to  the  (analog)  amplitude  stored  during  the 
seek  field.  If  the  amplitude  during  the  check  field  is  appreciably  less  than 
that  stored  during  the  seek  field,  then  a GOODATA  signal  is  sent  to  the 
con^uter.  If  the  amplitude  at  the  remembered  spot  is  comparable  to  the 
stored  amplitude,  then  the  GOODATA  signal  line  to  the  computer  is  made  to  go 
false,  indicating  that  the  last  coordinates  accompanied  by  a GOODATA  signal 
should  be  used. 

The  tracker  video  is  fed  through  an  electronic  switch  that  removes 
all  synchronized  and  flyback  portions,  leaving  only  responses  to  the  target 
scene.  The  output  of  this  switch  is  fed  to  the  noninverting  input  of  a 
comparator  and  to  a Seimpling  switch  controlled  by  the  output  of  the 
comparator  so  that  the  scunpling  switch  is  closed  when  the  output*  of  the 
comparator  is  high.  The  inverting  input  of  the  comparator  is  connected  to 
the  output  of  the  sampling  switch;  this  connection  causes  the  comparator  to 
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go  low  whenever  it  exceeds  the  other  input.  A storage  capacitor  and  an  j 


isolating  stage  hold  the  output  of  the  sampling  switch  at  whatever  value  j 

existed  when  the  switch  last  opened.  Thus,  the  sampling  switch  is  held  open  j 

until  a video  peak  appears  that  is  higher  than  any  previous  peak.  This  video  | 

peadc  closes  the  sampling  switch  and  keeps  it  closed  until  the  storage  ] 

capacitor  charges  up  to  the  new  peak,  and  the  video  begins  to  fall  back  from  1 

this  new  peak.  The  output  of  the  comparator,  labeled  "NEWPEAK,"  is  sent  to  j 

the  coordinate  logic  system  and  the  sampling  switch  via  a gate  which  is 
enabled  only  during  the  seek  field  immediately  following  the  IR  beacon  flash. 

During  the  check  field,  the  sampling  switch  is  disabled  so  that  the 
storage  capacitor  retains  the  highest  peak  video  found  during  the  seek  field 
throughout  the  check  field.  An  electronic  switch,  controlled  by  the  seek  and 
check  signal,  substitutes  a fraction  of  this  stored  peak  value  at  the  input 
to  the  comparator  during  check,  and  the  output  of  the  comparator  is  then  used  i 

to  detect  whether  the  beacon  flash  was  the  point  found  during  the  seek  field.  ^ 

If  the  output  of  the  comparator  went  high  during  the  horizontal  scan  on  which 
the  stored  peak  was  found,  then  the  GCX)DATA  line  to  the  computer  is  made  to 
go  false. 

During  vertical  flyback  at  the  end  of  the  check  field,  while  data 
are  being  transferred  to  the  computer,  a fourth  electronic  switch,  controlled 
by  the  DUMP  signal,  connects  the  storage  capacitor  to  ground.  This 
connection  clears  old  data  out  of  the  storage  capacitor  and  readies  it  to 
search  for  the  highest  peak  in  the  next  seek  field.  i 

3.6  Audio  Simulation 

Five  different  sounds  are  needed  to  meet  the  system  requirements. 

These  sounds  can  be  divided  into  two  groups.  In  the  first  group,  impulsive 
sounds  simulate  (1)  the  missile  launch,  (2)  the  missile  thruster  firings,  and 
(3)  the  explosion  resulting  from  a missile  impacting  the  target.  An  audio 
tape  recording  has  been  made  of  several  real  Dragon  missile  firings.  The 
thruster  and  explosion  sounds  have  been  analyzed  and  then  reproduced  by  using 
electronic  circuitry  In  addition,  the  thruster  and  explosion  sounds  have 
been  delayed  proportionally  to  the  distance  and  the  speed  of  sound  to 
simulate  the  time  lag  that  occurs  in  a real  missile  firing.  In  the  second 
group,  variable  tone  sounds  provide  (1)  an  audible  miss  tone,  which  starts 
when  the  missile  passes  the  target  and  decreases  in  frequency  until  the 
computed  ground  impact  of  the  missile,  (2)  an  error  tone,  which  increases  in 
frequency  proportionally  to  the  gunner  aiming  error,  and  (3)  an  alarm  tone, 
which  sounds  when  the  gunner  exceeds  aiming  error  limits  greater  than  normal 
gunner  errors.  The  alarm  tone  is  a "whoop"  to  be  distinguished  from  the 
error  tone.  The  variable  tones  also  have  been  generated  by  using  electronic 
circuitry. 

Figure  10  is  a block  diagram  describing  the  audio  simulation  portion 
of  the  system. 
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Figure  10.  Audio  simulation. 


3.7  Color  Video  Circuitry 


The  target  scene  is  viewed  by  using  a standard  commercially 
available  color  camera,  a Sony  DXC-1600.  This  camera  is  built  with  a 
separate  ceunera  head,  a camera  control  unit  (CCU) , and  a power  supply, 
interconnected  by  appropriate  cables.  The  camera  head  is  mounted  in  the 
tracker  on  a tripod  head  (used  for  alignment)  and  employs  a 100-mm  lens  with 
a 6-deg  field  of  view.  Both  the  CCU  and  the  power  supply  are  mounted  in  the 
electronics  rack  located  in  the  van.  A standard  Sony  CEunera  head  extension 
cable,  coaxial  cables,  power  supply  cables,  and  twisted  pair  cables 
interconnect  the  tracker  and  the  electronics  rack. 


Signals  are  extracted  from  the  CCU  and  are  fed  to  the  color  TV  set 
mounted  on  the  tracker.  The  vertical  and  horizontal  signals  are  used  to 
synchronize  all  sweep  timing  circuits  in  the  Dragon  training  device. 


Modifications  to  a commercially  available  Sony  KV-5000  color  TV  set 


permit  the  set  to  be  used  as  the 
have  been  made  between  the  CCU  and 


target  scene  display.  Direct  connections 
the  TV  set , so  the  tuners , I . F . , audio , 
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power  supply,  color  demodulation,  and  video  circuits  have  been  removed.  This 
modification  has  reduced  the  physical  size  of  the  set  to  the  approximate  size 
of  the  color  CRT.  New  color  video  processing  boards  have  been  designed  to 
fit  the  reduced  TV  set.  These  boards  reconstruct  the  green  signal  from  the 
red  and  blue  signals  and  provide  the  necessary  switching  functions  to  add  the 
thruster  and  circle  images  to  the  video  picture.  The  boards  contain  driver 
circuits  to  couple  the  TV  set  to  the  video  tape  recorder  via  coaxial 
transmission  lines. 

A heat  simulator  has  been  designed  and  constructed  so  that  the 
gtinner's  view  of  the  target  scene  is  disrupted  approximately  1/2  s after 
lavinch  initiation  and  lasts  for  1 s.  This  disruption  simulates  the 
propellant  blast  during  a real  launch. 

Figure  11  is  a block  diagram  of  the  complete  color  system  and 
Interconnections . 


I 

Figure  11.  Color  video  system. 


3.8  Mechanical  Design  of  Brassboard  Tracker 


The  mechanical  design  of  the  brassboard  tracker  has  been  severely 
constrained  by  the  use  of  commercially  available  electronic  and  mechanical 
components  and  by  the  short  time  available  for  mechanical  design  once  the 
electronic  design  had  been  frozen.  For  this  reason,  the  brassboard  tracker 
has  become  larger  and  heavier  than  originally  predicted.  Commercial 
components  have  been  used  as  normally  manufactured,  with  only  the  external 
coverings  removed  because  time  has  not  permitted  extensive  repackaging. 


I 

j 


I 
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Figure  12.  Brassboard  tracker  from  front  and  side. 


The  interface  between  the  gunner  and  the  brassboard  tracker  is  shown 
in  figure  13.  The  eyepiece  and  trigger  assembly  from  the  tactical  tracker 
are  used  on  the  brassboard  tracker.  The  handhold  interface  and  mounting  pins 
of  the  tactical  tracker  also  are  used.  The  center  of  gravity  of  the 
brassboard  tracker  is  positioned  so  that  the  gunner  has  the  same  weight  on 
his  shoulder  as  when  using  the  tactical  system.  In  spite  of  the  size  and 
weight  of  the  brassboard  tracker,  the  interface  specifications  between  the 
gunner  and  the  tracker  were  maintained  to  enhance  realism. 


Internal  details  of  the  brassboard  tracker  are  shown  in  figure  14. 
The  color  camera,  the  IR  camera,  and  the  CRT  display  are  positioned  side  by 
side  in  the  forward  position  of  the  tracker.  The  CRT  display  is  rigidly 


Figure  12  shows  the  external  configuration  of  the  brassboard 
tracker.  The  long  lens  is  on  the  IR  camera,  and  the  short  lens  is  on  the 
color  camera.  A cooling  fan  for  the  cameras  and  CRT  display  is  on  the  front 
of  the  case  between  the  lenses.  This  fan  was  added  after  the  IR  camera 
became  overheated  during  field  testing  at  ambient  temperatures  of  over  96  F 
without  any  shade.  Selection  of  a more  heat-resistant  brand  of  camera  should 
eliminate  the  need  for  forced-air  cooling  in  the  future. 
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Figure  14. 

Brassboard 

tracker  with  top  and  sides 

1 off. 

mounted  to  the  baseplate.  The  black  aiming  crosshairs  and  stadia  lines  in 
the  sight  of  the  tactical  tracker  are  simulated  by  properly  scaled  replicas 
cemented  on  the  face  of  the  CRT  display.  Since  the  CRT  display  is  not 
aligned  with  the  gunner's  eyepiece,  two  mirrors  are  used  to  transmit  the 
display  on  the  CRT  to  the  eyepiece.  An  adjustable  lens  in  the  handhold  tube 
reduces  the  CRT  display  to  the  size  of  the  gunner's  eyepiece. 

The  two  cameras  mounted  on  adjusted>le  pedestals  permit  horizontal 
cUkI  vertical  motion  and  locking  in  the  final  position.  This  adjustment 
permits  the  line  of  sight  of  the  two  cameras  to  be  aligned  (boresighted)  with 
respect  both  to  the  crosshairs  on  the  CRT  display  and  to  each  other. 

A spe£dcer  mounted  in  the  corner  of  the  tracker  transmits  the  sound 
of  simulated  missile  thruster  firings,  audible  tracking  error  signals,  and 
the  simulated  explosion  of  a hit  and  gives  the  gunner  instructions. 

C2d3les  from  the  equipment  in  the  van  that  provide  audio,  video,  and 
electrical  power  are  attached  to  connectors  on  the  bottom  of  the  brassboard 
tracker. 


The  brassboard  tracker  has  proved  to  be  rugged  and  reliable  during 
field  testing.  The  only  modification  needed  has  been  additional  support  for 
the  long  IR  camera  lens.  The  tripod  mount  lock  proved  to  be  inadequate. 
Handling  of  the  brassboard  tracker  during  several  hours  of  testing  caused  the 
tripod  mount  lock  to  gradually  slip  and  thus  the  IR  C2unera  to  become 
misaligned.  Additional  support  for  the  long  lens  has  eliminated  this 
problem.  Although  the  brassboard  tracker  does  not  have  any  mechanical 
ruggedness  requirements,  it  has  survived  one  accidental  drop  of  approximately 
3 ft  without  damage. 


4.  FIELD  TESTING 
4. 1 Test  Plan 

The  objective  of  the  field  test  as  stated  in  the  Test  Design  Plan 
prepared  by  the  U.S.  Army  Infeuitry  Board  was  "to  obtain  data  regarding  the 
training  value  of  the  following  functions: 

"1.  A simulated  missile  displayed  in  the  tracker  viewer. 

2.  An  audible  signal  indicating  gunner  tracking  error. 

3.  A visual  indication  of  target  hit. 

4.  A video  recording  of  tracking  run."^ 


^Richard  P.  Medeiros  and  Paul  W,  Lavendar,  Concept  Evaluation  Testing  of 
DRAGON  Flight  Simulators — Test  Design  Plan,  U.S.  Army  Infantry  Board,  Fort 
Benning,  GA  (April  1975) . 
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The  U.S.  Army  Infantry  Board  test  report^  contains  the  official  test 
results  and  comments  relevant  to  the  test  objectives.  However,  several 
conclusions  can  be  drawn  based  on  experience  gained  during  the  test.  These 
conclusions  are  discussed  following  the  description  of  the  test  plan. 

The  field  test  began  on  7 July  1976  and  was  completed  on  30  July 
1976.  Table  I shows  the  firing  table  for  each  week.  Only  daylight  firings 
were  conducted  the  first  week.  All  600-m  engagements  during  the  last  3 weeks 
were  conducted  at  night  with  a xenon  searchlight  for  target  illumination. 


TABLE  I.  FIRING  SCHEME 


Engagement 

Speed 

(km/hr) 

Vehicle  travel 

Pos  i t i on 

Range 

(m) 

Test  day 

1 

17 

Right  to  left 

Flanking 

200 

First 

2 

17 

Left  to  right 

Flanking 

200 

First 

3 

35 

Right  to  left 

Flanking 

200 

Fi  rst 

k 

35 

Left  to  right 

Obi ique 

200  to  300 

First 

5 

17 

Right  to  left 

Obi ique 

300  to  200 

First 

6 

17 

Left  to  right 

Flanki ng 

400 

Second 

7 

35 

Right  to  left 

Flanking 

400 

Second 

8 

35 

Left  to  right 

Obi ique 

400  to  500 

Second 

9 

35 

Right  to  left 

Obi ique 

500  to  400 

Second 

10 

17 

Left  to  right 

Obi i que 

400  to  500 

Second 

11 

17 

Right  to  left 

Flanking 

600 

Third 

12 

17 

Left  to  right 

Flanki ng 

600 

Third 

13 

35 

Right  to  left 

Flanking 

600 

Third 

14 

35 

Left  to  right 

Obi ique 

600  to  700 

Third 

15 

17 

Right  to  left 

Obi ique 

700  to  600 

Third 

16 

17 

Left  to  right 

Flanking 

1000 

Fourth 

17 

35 

Right  to  left 

Flanking 

1000 

Fourth 

18 

35 

Left  to  right 

Obi ique 

1000  to  800 

Fourth 

19 

35 

Right  to  left 

Obi ique 

800  to  1000 

Fourth 

20 

17 

Left  to  right 

Obi ique 

1000  to  800 

Fourth 

The 

test  plan  called  for 

each  gunner 

to  fire  80 

engagements 

consisting  of 

the  20 

engagements 

in  the  firing 

scheme  shown 

in  table  I in 

each  of  four  different  system  configurations: 

^Richard  P.  Medeiros  and  Paul  W.  Lavender,  Concept  Evaluation  Testing  of 
DRAGON  Flight  Simulators — Test  Report,  U.S.  Army  Infantry  Board,  Fort 
Banning,  GA  (June  1S76) . 
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1.  Configuration  1 was  the  baseline  system  for  evaluating  selected 
functions.  The  complete  system  was  operable. 

2.  Configuration  2 was  the  same  as  configuration  1,  except  that  the 
missile  display  was  deleted. 

3.  Configuration  3 was  the  same  as  configuration  1,  except  that  the 
missile  display  and  target  hit  indication  were  deleted. 

4.  Configuration  4 was  the  same  as  configuration  1,  except  that  the 
aiming  error  tones  were  deleted. 

Each  gunner  fired  his  engagements  in  groups  of  five.  On  every  test 
day,  each  gunner  fired  five  engagements  from  the  firing  scheme  (table  I)  in 
each  of  the  four  configurations  on  the  HDL  and  Martin-Marietta  Corp.  systems. 
Testing  for  the  day  was  completed  when  all  the  test  soldiers  had  completed 
the  five  engagements  on  both  systems  in  all  four  configurations.  With  four 
gunners  and  no  interruptions,  1 day  of  testing  could  be  completed  in 
approximately  4 hr. 

Figure  15  shows  the  test  range  layout.  Oblique  firings  at  200,  400, 
and  600  m were  conducted  with  the  target  vehicle  following  a track  between 
the  western  orange  flanking  panel  and  the  most  southern  yellow  panel.  For 
1000-m  oblique  firings,  the  target  vehicle  track  was  between  the  western 
orange  flanking  panel  and  the  most  northern  yellow  panel.  Flanking  firings 
at  all  ranges  had  the  target  vehicle  track  between  the  orange  panels. 


Figure  15.  Test  range  layout. 
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4.2  Problems  and  Corrective  Action 


Several  problems  arose  during  the  field  test.  Some  of  these 
problems  were  solved  during  the  field  test  whereas  others  will  require  future 
hardware  modification.  Despite  problems  with  the  IR  source  during  the  test, 
the  testing  was  completed  on  schedule. 

Infrared  source. — During  checkout  of  the  system  the  week  prior  to 
the  field  test,  the  Strobolume  IR  source  was  working  intermittently.  A 
replacement  could  not  be  obtained,  and  an  attempt  was  made  to  use  the 
standard  M70  TOW/Dragon  target  board  with  its  IR  source.  This  worked  well 
during  the  first  day  of  testing  when  the  sky  was  overcast.  The  second  day 
was  sunny,  and  the  M70  target  board  IR  source  was  not  bright  enough  to  be 
seen  against  the  background  IR  level  created  by  the  sun.  At  this  time,  a 
change  was  made  to  an  IR  source  consisting  of  an  aircraft  lamding  light  with 
an  IR  filter  in  front  of  it.  This  approach  worked  well  during  the  remainder 
of  the  test,  but  the  light  used  had  too  narrow  a beam  to  heuidle  the  complete 
target  crossing  remge.  This  problem  was  overcome  by  verbally  telling  the 
gunner  when  the  system  was  ready  to  engage.  The  light  had  a beam 
approximately  50  deg  wide  compared  to  the  approximately  70-deg  amgle  needed 
to  encompass  the  entire  tcirget  crossing  range.  Future  IR  sources  can  be  made 
omnidirectional  to  eliminate  this  problem  of  a narrow  beam.  The  Strobolume 
approach  worked  well  during  the  brief  period  that  the  Strobolume  itself  was 
working.  Checking  to  determine  that  the  real  source  is  being  seen  instead  of 
sun  glints,  etc.,  is  a sound  approach  that  should  be  used  in  the  future. 

Infrared  camera  lens  support. — Boresight  alignment  of  the  two 
cameras  gradually  changed  with  time  and  handling.  The  support  for  the  IR  TV 
camera  slipped  despite  having  been  tightened  as  much  as  possible.  An 
additional  support  was  fabricated  to  support  the  camera  lens.  This  support 
eliminated  this  problem  of  slippage. 

Target  scene  resolution. — Most  of  the  test  soldiers  commented  that 
the  target  scene  appeared  blurred  compared  to  the  real  tracker  scene.  This 
problem  of  blurring  was  caused  by  lack  of  resolution  of  the  TV  picture  tube. 
Schedule  constraints  forced  the  use  of  a consumer  type  of  color  TV  picture 
tube  which  did  not  have  high  resolution.  Higher  resolution  picture  tubes  are 
available,  and  a system  that  provides  resolution  as  good  as  the  hunum  eye 
should  be  included  in  any  future  effort. 

Night  firings.— After  the  system  was  delivered  to  Fort  Benning  and 
field  testing  started,  the  U.S.  Army  Infemtry  Board  fired  at  night  at  the 
range  of  600  m using  a xenon  searchlight  to  illuminate  the  target.  The  HDL 
system  was  not  designed  to  work  at  low  light  levels.  Consequently,  the  IR 
source  on  the  target  was  the  only  thing  visible  in  the  target  scene  during 
the  night  firings.  Special  low  light  level  TV  cameras  are  available.  These 
cameras  can  be  incorporated  into  the  HDL  system  if  a night  training 
requirement  using  the  daylight  tracker  is  anticipated. 
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The  system  worked  well  despite  problems  with  the  IR  source.  The 
system  was  capable  of  performing  under  all  conditions  of  the  test  plem.  Some 
conclusions  based  on  observations  during  the  field  test  follow. 

a.  The  test  gunners  liked  the  red  missile  image,  cuid  the  thrusters 
were  plainly  visible.  The  missile  image  gave  the  gunners  practice  in 
ignoring  the  missile  and  a chance  to  explore  the  caped>ilities  of  the  Dragon 
missile  system  when  tracking  moving  targets.  For  meuclmum  realism,  the  system 
used  the  same  guidcuice  equations  as  the  tactical  missile.  The  hit  Indication 
has  training  ved.ue  because  it  provides  psychological  satisfaction  to  the 
gunners  and  gives  them  immediate  feedback  of  their  performance. 

b.  The  aiming  error  tone  may  have  value  for  beginning  gunners.  But 
since  the  tactical  tracker  nuJces  no  sound,  relictnce  on  techniques  learned  by 
using  an  aiming  error  signal  will  not  help  develop  the  tracking  techniques 
needed  for  the  tactical  tracker.  Therefore,  the  aiming  error  tone  should 
probadJly  not  be  included  in  future  designs  because  of  the  negative  training 
that  may  result. 

c.  No  negative  comments  concerning  the  missile  launch  sound  and 
thruster  pops  were  noted  from  the  gunners.  Since  these  sounds  increase  the 
realism  of  the  simulation,  they  should  be  included  in  future  designs. 

d.  Video  tape  recording  is  a valuable  training  aid.  Many  of  the 
gunners  reviewed  their  previous  shots  euid  were  cd>le  to  improve  their 
perfomicince  by  correcting  some  of  the  problems  noticed  in  the  video  tape 
replay. 


5.  CONCLUSIONS  | 

5.1  Current  Progrcun  j 


The  brassboard  model  worked  well  during  the  month  of  field  testing 
at  Fort  Benning,  once  the  initial  start-up  problems  were  solved.  The 
technical  approach  was  proven  to  be  feasible.  The  realism  of  the  simulation 
was  appreciated  by  the  test  gunners.  The  aiming  error  tone  was  not 
considered  an  advantage  by  the  gunners  because  they  believed  that  it  might 
train  other  gunners  to  depend  upon  something  that  is  not  present  in  the 
tacticeJ.  tracker.  Video  tape  recording  was  considered  a valuable  training 
aid  by  the  gunners.  They  reviewed  their  previous  shots  and  were  ^d3le  to 
Improve  their  performamce  by  correcting  their  errors.  Despite  some  problems, 
the  system  demonstrated  that  a realistic  simulation  of  Dragon  missile  firings 
with  videotape  recording  should  prove  to  be  a valuable  training  system. 
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5.2  Future  Effort 


The  approximate  cost  and  schedule  to  develop  two  Advanced 
Development  prototypes  using  this  concept  were  estimated.  These  prototypes 
would  use  two  IR  sources  on  the  target  for  automatic  tracking  amd  ranging. 
It  was  estimated  that  $1  million  in  funding  zmd  12  to  15  months  of  effort 
would  be  required  to  deliver  the  two  prototypes  for  Advanced  Development 
testing.  The  primary  technical  challenge  is  to  develop  amd  fabricate  a color 
CRT  and  camera  system  that  is  much  smaller  and  that  has  higher  resolution 
them  existing  commerical  systems.  Initiation  of  an  Advanced  Development 
program  awaits  completion  of  requirements  defining  the  specific 
chauracteristics  for  the  two  prototypes. 
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A-1 . INTRODUCTION 

This  manual  applies  to  the  Brassboard  Dragon  Flight  Simulator  produced 
for  the  Project  Manager  for  Training  Devices  (PM-TRADE)  by  the  Harry  Diamond 
Laboratories  (HDL) . 

Material  is  presented  dealing  with  system  description,  operating 
instruction,  and  maintenance.  Because  the  brassboard  system  is  a development 
prototype , operation  and  maintencuice  should  be  under  ^the  direct  supervision 
of  personnel  from  HDL. 


A-2 . SYSTEM  DESCRIPTION 

This  Brassboard  Dragon  Flight  Simulator  consists  of  two  groups  of 
equipment:  (1)  equipment  on  loan  from  HDL  for  the  field  trials  and  (2) 
equipment  built  for,  purchased  for,  or  borrowed  from  PM-TRADE. 

a.  On  loan  from  HDL 

1 . Step  Vein 

2 . Two  television  (TV)  monitors , CONRAC  SNA17  auid  Shibaden 
VM-901 

3.  One  modified  Strobolume,  General  Radio  1540-P4 

4.  One  low  voltage  power  supply,  Dynage  KH-12-12 

5.  One  equipment  cabinet 

b.  Owned  by  PM-TRADE 

1.  Modified  Dragon  Tracker  and  Launcher  Assembly 

2.  Miscellaneous  parts  of  two  color  TV  sets,  SONY  KV-5000 

3.  Miscellaneous  parts  of  two  color  TV  cameras,  SONY  DXC-1600 

4.  Miscellaneous  parts  of  two  silicon  target  black  and  white  TV 
cameras,  RCA  TC  1005 

5.  Two  low  voltage  power  supplies,  Powermate  OEM-18-D  and 
PXS-D-5V 

6.  One  teletype  (TTY) , Teletype  Corp.  model  3320  3JC 
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7,  One  minicomputer,  NOVA  1200 

8.  One  video  tape  recorder,  SONY  AV-3600 


A-2 . 1 Physical  Layout 


For  the  field  trials,  the  heart  of  the  simulator  is  mounted  in  cui 
equipment  cabinet  in  a step  van  with  the  tracker-launcher  auid  generator  power 
supply  nearby.  The  standard  M70  TOW/Dragon  target  board  is  used  with  the  HDL 
infrared  (IR)  source  clamped  onto  it.  Figure  A-1  shows  a typical  field 
cirrangement . 


Figure  A-1.  Typical  brassboard  Dragon  flight  simulator  test  setup. 


If  used,  the  generator  power  supply  is  located  to  minimize  noise  at 
the  tracker- launcher  location.  Uie  equipment  in  the  van  is  arranged  as  shown 
in  figure  A-2. 
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NOTES 

1 17  IN  TELEVISION  MONITOR 
WITH  SPEAKER 

2.  AIR  CONDITIONER 

3.  WORK  BENCH 

4.  TELETYPE 

5 VIDEO  TAPE  RECORDER 
6.  9 IN  TELEVISION  MONITOR 
7 SPARE  EOUIPMENT  CABINET 
8.  EQUIPMENT  CABINET  WITH 

MINICOMPUTER,  POWER  SUPPLIES. 
AND  OTHER  ELECTRONICS 
9 STORAGE  CABINETS 


Figure  A-2,  Brassboard  Dragon  flight  simulator  Vein  configuration. 


A-2 . 2 Electrical  Networks 

Figure  A-3  shows  the  major  interconnecting  cables  in  the  system. 
Table  A-I  lists  the  functions  of  the  cables.  No  cables  are  expected  to  be 
connected  or  disconnected  after  checkout  at  HDL  prior  to  delivery,  except  for 
the  primary  power  connection. 
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A-2 . 3 Theory  of  Operation 

This  section  describes  the  theory  of  operation  in  very  broeul  terms 
as  em  aid  to  operation  of  the  simulator. 

A-2 .3.1  General 

The  simulator  (fig.  A-4)  is  designed  to  present  the  gunner  with 
as  realistic  as  possible  a simulated  Dragon  missile  engagement  using  real 
targets  in  the  field.  Selected  features  can  be  included  or  deleted  from  the 
simulation  to  evaluate  their  effect  on  the  gunner's  performemce.  Simulation 
of  the  missile  launch  blast,  recoil,  euid  sound  is  peurt  of  another  simulator 
vrtiich  is  not  part  of  this  effort. 


POWER 


SUPPLY 


IR 

SOURCE 


AN  PRC 
77 


RADIO  I j 


TARGET 


A-2 .3.2  Tracker-Launcher 


The  tracker-launcher  assembly  consists  of  an  empty  (expended) 
launcher  tube  and  bipod  fitted  with  a Dragon  tracker  simulator.  This 
simulator  uses  the  eyepiece  emd  trigger  assemblies  from  the  real  tracker  to 
provide  the  proper  interface  between  the  gunner  emd  the  tracker.  The 
remainder  of  the  tracker  simulator  contains  a color  TV  picture  tube,  a color 
TV  camera,  euid  a black  and  white  TV  ceimera. 

When  sighting,  the  gunner  sees  the  target,  the  crosshairs,  emd 
the  stadia  lines  as  with  the  real  Dragon  system.  When  the  trigger  is 
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depressed,  a simulated  missile  flight  begins  after  a wait  for  the  0.533-s 
delay  that  is  present  with  the  real  Dragon  system.  A circular  spot,  scaled 
to  missile  size  as  a function  of  range,  appears  in  the  gunner's  field  of  view 
at  the  scune  time  and  in  the  same  location  as  for  the  real  missile.  After  the 
minimum  missile  command  delay,  commands  are  given  by  the  minicomputer  to 
control  the  position  of  the  missile  image  using  the  actual  guidamce  equations 
and  the  gunner's  aiming  motions.  The  gunner  sees  flashes  of  light 
representing  thruster  firings  at  the  correct  roll  position.  As  the  missile 
image  flies  downremge,  its  size  diminishes. 

When  a hit  is  scored,  the  gunner  sees  a flash  of  light  filling 
his  field  of  view  as  a simulated  explosion.  When  a miss  occurs,  the  missile 
spot  disappears  when  it  reaches  the  plane  of  the  target  scene,  indicating  to 
the  gunner  that  he  missed  the  target,  and  the  error  tone  fades  until  ground 
impact.  The  simulated  missile  time  of  flight  continues  luitil  computed  ground 
impact.  To  score  a hit,  the  missile  must  be  within  a rectamgle  2.8  m 
(horizontal)  ^ 0.86  m (vertical)  centered  about  the  desired  aiming  point  >dien 
the  simulated  missile  reaches  the  target's  range. 

A-2 .3.3  Computer  and  Teletype 

A NOVA  1200  minicomputer  euid  a TTY  are  used  to  control  the 
simulation,  to  enter  input  data,  and  to  record  output  data  on  the  simulated 
Dragon  engagement. 

The  minicomputer  performs  all  system  computations  and  exercises 
primary  control  of  the  following  functions; 

Missile  image  position  and  size 

Video  and  audio  simulation  of  missile  thrusters 

Video  and  audio  simulation  of  missile  hit  or  miss 

Trac)cing  error,  audio  error,  euid  alarm  tones 

Target  range  and  crossing  speed 

Miss  distance  measurement 

Data  printout 

A-2. 3. 4 Video  Tape  Recorder  and  Monitor 

The  video  tape  recorder  is  a reel-to-reel  type  which  has  the 
capeUsility  of  "freezing"  the  video  picture.  The  monitor  can  display  either 
the  target  scene  or  the  recorded  simulated  Dragon  engagement  for  playback, 

A-2 .3.5  Sound  System 

The  sound  system  (fig.  A-5)  consists  of  the  sound  zuid  tone 
generators,  two  amplifiers,  a loudspeaker  mounted  on  the  TV  monitor,  a small 
speaker  mounted  in  the  tracker  simulator  near  the  gunner's  ear,  connections 
for  a gunner's  optional  headset  and  an  observer's  headset,  an  instructor's 
headset  with  both  a microphone  and  a push-to-talk  switch,  and  a connection 
for  the  audio  channel  of  the  video  tape  recorder. 
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Figure  A-5.  Sound  system. 


Under  control  of  the  minicomputer,  the  sound  generators  produce 
a "pop"  at  each  simulated  thruster  firing  and  a simulated  explosion  vdien  a 
hit  is  scored.  These  sounds  are  delayed  and  attenuated  as  a function  of  the 
remge  at  vdiich  they  occur.  The  thruster  emd  simulated  explosion  sounds  occur 
whenever  the  missile  image  and  hit  indication  are  encibled  via  the  TTY. 

An  error  tone  is  generated  whose  frequency  is  proportional  to 
the  gunner's  aiming  error.  This  tone  changes  to  a "whoop"  alarm  tone  when 
the  gunner  exceeds  the  established  3-sigma  gunner's  aiming  error  limits. 
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These  tones  occur  when  "AUDIO  AIDING  AIDS"  is  selected  on  the  TTY.  When  the 
"HIT/MISS  INDICATION"  is  eneOileo , a decreasing  frequency  miss  tone  audibly 
indicates  that  the  missile  has  missed  the  target. 

The  instructor  c^m  use  his  microphone  to  identify  the  shot 
number  or  to  give  instructions  to  the  gunner.  All  sounds,  tones,  emd  voice 
comments  are  heard  over  all  speakers  auid  headsets  and  cw  be  recorded  on  the 
video  tape  with  the  video.  Sound  levels  can  be  adjusted  with  the  level 
controls  on  the  amplifiers. 

A-2 .3.6  Modified  M70  TOW/Dragon  Target 

The  IR  source  is  clamped  to  the  existing  M70  TOW/Dragon  target 
board  and  connected  to  the  target  vehicle  24-Vdc  electrical  system.  One 
AN/PRC-77  radio  is  used  to  turn  f'e  IR  source  on  and  off  remotely  to  conserve 
the  bulb  life  euid  to  help  identify  this  source  against  other  sources  of  IR 
energy  such  as  the  sun.  Figure  A-6  shows  the  target  used  during  the  field 
tests. 


M70  TARGET  BOARD 


INFRARED 

SOURCE 


Figure  A-6.  Modified  TOW/Dragon  target. 


A-3 . OPERATION 

This  section  presents  the  operating  instructions  for  the  simulator  as 
configured  for  the  field  trials  at  Fort  Banning,  GA.  These  instructions 
asBTime  the  participation  of  personnel  qualified  as  indicated. 
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Gunner:  trainee  who  has  received  preliinln£u:y  classroom 

instructions  on  the  Dragon  system 

Instructor:  qualified  Dragon  instructor  with  2uiditional 

instruction  by  HDL  on  the  simulator  system 

Test  engineering  support:  HDL  personnel 

Target  operator:  operator  who  is  qualified  to  operate  the  target 
vehicle  with  the  TOW/Dragon  taurget  mounted  amd  vdio  has  received  additional 
instruction  from  HDL 

A-3 . 1 Setup 

These  instructions  pertain  to  this  van-mounted  simulator. 

A-3. 1.1  Site  Selection 


The  operating  site  should  provide  a clear  line  of  sight  at 
ground  level  from  the  tracker-launcher  to  the  target.  If  brush  or  other 
obstacles  exist  at  low  level,  it  might  be  necessary  to  have  the 
tracker-launcher  (truck  bed,  etc.)  elevated  to  achieve  a clear  line  of  sight 
to  the  target. 

When  selecting  the  site,  consideration  should  be  given  also  to 
the  sun  wgles  that  will  exist  during  use,  the  room  avalledsle  to  the  target 
vehicle  when  a moving  target  is  to  be  used,  euid  the  availability  of  115-V, 
60-Hz  power  at  the  vam  location.  The  vam  can  be  operated  by  a generator 
greater  than  5 kW,  if  necessary.  Considering  ad.1  the  pertinent  factors,  the 
ramge  used  should  be  approximately  1000  x 300  m amd  oriented  so  that  the 
tracker-launcher  amd  van  aure  at  the  south  end  of  the  long  dimension.  A west 
or  an  east  orientation  is  satisfactory  as  long  as  the  gunner  does  not  look 
into  the  sun.  When  a moving  taurget  capadsllity  is  desired  at  all  ramges,  the 
terrain  should  be  relatively  smooth  so  as  not  to  impede  the  target  vehicle. 

A-3 .1.2  Emplacement  amd  Preparation  for  Use 

The  vam  should  be  parked  with  the  rear  doors  facing  downramge 
amd  adjacent  to  the  desired  gunner's  position.  The  vam  must  be  in  the 
parking  gear,  amd  the  parking  bradce  must  be  set.  The  vam  operator  should 
perform  the  following  operations: 

1.  Open  the  rear  double  doors. 

2.  Remove  the  tracker-launcher  from  the  vam  amd  place  it  at  a 
convenient  location  within  the  30-ft  length  of  connecting  cable.  Use  the 
rest  tripod  to  support  the  aft  end  of  the  launch  tube. 
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3.  Check  that  the  main  circuit  breeJcer  Is  In  the  off  position. 

4.  Check  that  the  target  electronics  box  Is  connected  to  the 
target  vehicle  24-Vdc  system  and  that  the  IR  source  and  AN/PRC-77  radio  eure 
In  place. 

5.  Connect  the  primary  power  cable  to  the  rauige  115-Vac  power 
supply  or  to  the  port«d)le  generator,  whichever  is  to  be  used. 

The  system  is  now  ready  for  checkout. 

A-3 , 2 System  Checkout 

These  procedures  should  be  followed  dally  prior  to  the  start  of 
each  testing  session.  This  checkout  procedure  assumes  that  the  equipment  Is 
emplaced  emd  prepared  for  use  (sect.  A-3. 1.2). 

A-3. 2.1  Power  Application 

Power  is  applied  by  the  following  steps  in  the  order  Indicated: 

1.  When  a portable  generator  is  used,  staurt  the  engine  and 
bring  it  on  line  in  accordance  with  applicable  instructions. 

2.  Operate  the  main  power  breaker  to  the  on  position. 

Power  is  now  applied  to  the  computational  and  monitor  systems, 
and  the  system  is  now  ready  for  preoperational  checks. 

A-3 .2.2  Preoperational  Checks 

In  preparation  for  preoperational  checks,  the  target  vehicle 
should  be  positioned  at  a known  range  between  65  and  1000  m;  500  m is 
suggested.  The  target  board  should  be  approximately  perpendiculcir  to  the 
line  of  sight  of  the  tracker-launcher. 

The  rest  tripod  should  be  used  to  aim  the  tracker-launcher  at 
the  target  board  so  that  the  crosshairs  match  the  crosshairs  on  the  target 
board.  The  crosshairs  on  the  TV  monitors  should  line  up  with  the  target 
board  crosshairs.  (If  not,  a boresight  error  exists;  HDL  personnel  will  fix 
it.) 

Then  the  TTY  operator  enters  the  information  that  it  requests. 
The  TTY  prints  the  header  (request  for  information)  for  each  line  and  then 
pauses  awaiting  the  manual  entry.  After  providing  the  information  requested, 
the  operator  presses  the  RETURN  key.  For  questions  requiring  a "yea"  or  "no" 
answer,  the  TTY  proceeds  automatically  without  a need  for  the  operator  to 
press  the  RETURN  key.  After  each  correct  entry  of  "yes"  or  "no"  or  »dien  the 
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RETURN  key  is  operated,  the  TTY  spaces  one  line,  prints  the  next  header,  and 
pauses  awaiting  manual  entry.  This  process  is  repeated  until  after  the 
target  elevation  is  entered  and  the  RETURN  key  is  pressed.  At  that  time,  the 
TTY  spaces  one  line  and  pauses  for  completion  of  the  simulated  firing.  After 
the  first  run,  if  the  previously  entered  information  (such  as  instructor 
identification  or  gunner  identification)  remains  unchanged,  the  operator 
answers  only  "yes"  or  "no"  to  the  TTY  question,  "NEW  PARAMETERS  (Y  OR  N)?" 
The  TTY  then  prints  all  the  information  through  the  "HIT/MISS  INDICATION?" 
question  without  further  meinual  input.  For  each  run,  the  operator  must 
manually  enter  the  target  ramge,  crossing  speed,  and  elevation.  When  he 
makes  eui  error,  he  must  press  the  CONTROL  and  R keys  together.  The  TTY  then 
starts  at  the  beginning,  and  the  operator  must  enter  all  the  data  again. 

The  operator  must  perform  the  following  functions: 

1.  At  the  steurt  of  the  day  after  the  power  has  first  been 
applied  to  the  system,  check  that  the  TTY  reads  "DATE"  (MM/DD/YY) . 

2.  Enter  the  month,  day,  and  year  as,  for  example,  "5/1/78," 
and  press  the  RETURN  key.  The  TTY  will  print  "TIME"  (HH:  MM;  SS) . 

3.  Enter  the  time  of  day  (hour,  minute,  amd  second)  as,  for 
example,  "8:30:00,"  and  press  the  RETURN  key.  The  TTY  will  print  "NEW 
PARAMETERS  (Y  OR  N) ?" 

4.  If  you  iticike  an  error  in  entering  the  date  or  time  of  day, 
press  the  CONTROL  and  the  P keys  together.  The  TTY  will  then  ask  for  the 
date  and  time  again.  The  minicomputer  automatically  keeps  track  of  the  date 
and  time  of  day  after  the  initial  entry  as  long  as  the  power  remains  on. 
Enter  "N"  for  no.  The  TTY  will  return  automatically  and  print  "INSTRUCTOR 
ID." 


5 . Enter 

"GUNNER  ID." 

6 . Enter 

"CLEAR  SKY  (Y  OR  N) ?" 

7 . Enter 
AIMING  AIDS  (Y  OR  N) ?" 

8 . Enter 

N)?" 

9.  Enter 

N)?" 

10.  Enter 


"TEST"  and  press  the  RETURN  key.  The  TTY  will  print 
"TEST"  ^uld  press  the  RETURN  key.  The  TTY  will  print 
"Y"  or  "N"  for  yes  or  no.  The  TTY  will  print  "AUDIO 
"N."  The  TTY  will  print  "MISSILE  IMAGE  ENABLED  (Y  OR 
"N."  The  TTY  will  print  "HIT/MISS  INDICATION  (Y  OR 
"N."  The  TTY  will  print  "TARGET  RANGE  (M)?" 
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11.  Enter  the  target  rcmge  in  meters  emd  press  the  RETURN  key. 
The  TTY  will  print  "TARGET  CROSSING  SPEED  (KPH)?" 

12.  Enter  the  target  crossing  speed  in  kilometers  per  hour  emd 
press  the  RETURN  key.  Use  "+"  for  a target  moving  from  left  to  right  emd 
for  a target  moving  from  right  to  left.  The  TTY  will  print  "TARGET  ELEVATION 
(M)  ?" 

13.  Enter  the  target  elevation  in  meters  with  respect  to  the 
tracker-launcher  location.  Use  "+"  for  a higher  and  "-"  for  a lower 
elevation.  Enter  "0"  if  the  elevation  is  unknown.  Press  the  RETURN  key. 
The  TTY  will  pause  until  the  shot  is  completed. 

14.  Turn  on  the  switch  to  start  the  AN/PRC-77  radio  and  video 
tape  recorder. 

15.  Operate  the  trigger  without  moving  the  tracker,  emd  observe 
the  tracker,  the  TV  monitor,  and  the  sound  system.  There  should  be  no 
missile  image,  thrusters,  or  simulated  explosion  visible.  No  audible  error 
tones,  thruster  firings,  or  explosion  sound  should  come  from  the  sound 
system.  A hit  should  occur.  After  the  hit,  the  TTY  will  print,  "SHOT  NO. 

HIT  ON  (DATE)  AT  (TIME)." 

16.  Turn  off  the  radio  and  video  tape  recorder  switch  at  the  van 
until  the  next  shot  is  readied. 

17.  The  TTY  will  have  printed  "NEW  PARAMETERS  (Y  OR  N)?"  after 
printing  the  hit  indication. 

18.  Enter  "N."  Repeat  steps  5 to  14,  but  enter  "Y"  instead  of 
"N"  in  steps  7,  8,  cind  9. 

19.  Use  the  microphone  to  enter  shot  No.  XX  + 1. 

20.  Check  that  the  tracker  is  aimed  at  the  target,  euid  operate 
the  trigger  without  moving  the  tracker.  Observe  the  tracker,  the  TV  monitor, 
and  the  sound  system.  The  missile  image  should  appear  and  move  like  the  real 
Dragon  missile.  Simulated  thruster  firings  should  occur  with  their  sounds. 
No  audible  aiming  error  sounds  should  be  heard.  A simulated  explosion  with 
its  sound  should  occur  at  the  target.  After  the  hit,  the  TTY  will  print 
"SHOT  NO.  XX+1  HIT  ON  (DATE)  (TIME)." 

21.  Turn  off  the  radio  and  video  tape  recorder  switch. 

22.  Rewind  the  video  tape  recorder  co  the  starting  point  and 
play  back  the  tape.  Note  the  quality  of  the  playback,  both  video  2md  audio. 
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23.  The  TTY  Will  have  printed  PARAMETERS  (Y  OR  N)  ?"  after 

printing  the  hit  indication. 

24.  Enter  "Y."  The  TTY  will  print  all  the  previous  answer  data 
through  "HIT/MISS  INDICATION  (Y  OR  N)?" 

25.  Enter  the  target  range,  crossing  speed,  and  elevation  as  in 
steps  11 , 12 , cuid  13 . 

26.  Remove  the  tracker-launcher  from  rest  2md  tell  a gunner  to 
assume  the  firing  position. 

27.  Turn  on  the  radio  and  video  tape  recorder  switch. 

28.  Turn  on  the  video  tape  recorder  and  use  the  microphone  to 

enter  shot  No.  XX  + 2, 

29.  The  gunner  should  aim  at  the  target  wd  fire  in  the  normal 

fashion;  but  about  1 to  2 s after  firing,  the  gunner  should  induce  a miss  by 
aiming  above  the  target  and  to  the  right  or  left  approximately  5 to  10  m. 

Instruct  the  gunner  to  shift  tiie  aiming  point  smoothly  and  to  hold  steady  at 

the  desired  aiming  error.  Observe  that  the  monitor  indicates  a miss,  the 

audible  error  tone  goes  through  the  warning  tone,  emd  the  aleunn  tone  is 

present.  At  the  target  range,  the  error  tone  will  fade,  but  the  simulated 
missile  will  continue  its  flight  until  all  the  thrusters  have  fired.  The 
missile  will  then  fall,  simulating  a ballistic  trajectory.  There  will  be  no 
audible  or  visible  hit  indication.  At  computed  ground  impact,  the  TTY  will 

print  "SHOT  NO.  XX+2  MISSED  ON  (DATE)  AT  (TIME),"  "LEFT  OR  RIGHT  (XX)  M,"  and 

"UP  OR  DOWN  (XX)  M." 

30.  Repeat  steps  21  and  22. 

31.  Repeat  steps  24  to  30,  except  that  the  gunner  should  shift 
the  aiming  point  down  into  the  ground.  At  the  computed  ground  impact,  the 
TTY  will  print  "SHOT  NO.  XX+3  MISSED  ON  (DATE)  AT  (TIME)"  and  "HIT  GROUND." 

The  system  is  now  ready  for  use. 

A-3.3  Typical  Use 

For  a training  effectiveness  test,  the  operator  should  perform  the 
following  after  completing  the  preoperational  checks  (sect.  A-3.2.2): 

1.  Position  the  target  vehicle  at  the  desired  r2uige. 

2 . Enter  the  required  data  through  "TARGET  ELEVATION  (M) " until 
the  TTY  pauses  for  completion  of  the  shot  (see  sect.  A-3.2.2,  step  13). 
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3.  The  test  crew  eUid  the  gunner  trainee  take  their  required 


positions. 


4.  Check  that  the  gunner  is  ready. 

5.  When  the  target  is  to  be  moving,  alert  the  target  vehicle 


operator . 


6.  Start  the  taurget  motion  (if  the  target  is  used) . 

7.  Turn  on  the  radio  eUid  the  video  tape  recorder  switch. 

8.  Use  the  microphone  to  enter  the  shot  number. 

9.  Advise  the  gunner  to  fire  \dien  he  is  ready. 

10.  The  gunner  pulls  the  trigger  in  a simulated  Dragon  engagement. 

11.  After  the  end  of  the  flight,  turn  off  the  video  tape  recorder 
switch  cuid  the  radio. 

12.  When  a moving  taurget  is  used,  advise  the  target  vehicle 
operator  to  reposition  the  target  as  required. 

13.  Debrief  the  gunner  as  required. 

14.  For  subsequent  firings,  repeat  steps  1 to  13. 

A-3.4  Shutdown 

When  the  system  is  to  be  powered  down,  operate  the  main  power 
breaker  to  the  off  position. 

When  a generator  power  supply  is  used,  shut  the  engine  down. 

A-3 . 5 Teardown  and  Stowage 


stowed. 


After  the  system  is  shut  down,  the  paurts  may  be  disconnected  auid 


1.  Disconnect  the  external  power  cable. 


2.  Remove  the  tracker  simulator  from  the  launch  tube  auid  place 
the  simulator  in  the  box  provided.  Coil  the  cadale  to  the  tracker  simulator 
into  the  box,  amd  store  the  box  in  the  vam. 
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3.  Fold  the  launch  tube  bipod.  Fold  the  launch  tube  rest  tripod. 
Store  these  two  items  in  the  van.  Note:  Before  closing  the  V2m  doors, 
ensure  that  (1)  all  equipment  is  properly  stored  and  not  likely  to  shift 
while  the  van  is  in  motion  and  (2)  no  cables  are  in  a position  to  be  pinched 
by  the  doors. 

4.  Close  and  lock  the  rear  double  doors. 

5.  If  the  van  is  to  be  left  unattended,  lock  both  front  doors. 


A-4 . MAINTENANCE 

During  the  initial  field  trials  of  the  simulator,  all  system 
maintenance  will  be  performed  by  HDL  personnel  who  will  have  worked  with  the 
system  during  feibrication,  assembly,  euid  checkout.  Due  to  the  developmental 
nature  of  the  system  and  the  fact  that  this  system  is  a prototype,  no  attempt 
will  be  made  to  furnish  maintenance  instructions.  Where  maintenance 
infozrmation  already  exists,  as  for  purchased  hardware,  the  applicedsle  manuals 
eire  referred  to. 

A-4 . 1 Diagnostic  Routines 

All  diagnostic  checking  will  be  done  by  HDL  personnel. 

A-4 . 2 Tracker  Boresighting 

The  tracker  will  be  boresighted  only  by  HDL  personnel. 

A-4. 3 Optical  and  Electronics 

A-4 .3.1  Optical 

Optical  maintenance  of  the  simulator  cannot  be  accomplished  in 
the  field.  Refer  servicing  to  a qualified  optical  repair  facility. 

A-4 .3.2  Electronics 


Maintenance  instiructions  for  the  tracker  cathode  ray  tube 
electronics  are  given  in  the  Sony  KV-5000  Service  Manual for  the  color 
videcon  camera,  in  the  Sony  DXC-1600  Service  Meuiual;^  and  for  the  silicon 
target  black  and  white  videcon,  in  the  RCA  TC  1005  Service  M£mual.^ 


^SONY  Service  Manual,  KV-5000  Trinitron  Color  TV,  SONY  Corp. , New  York 
(1973) t Supplements  (November  1973,  June  1974). 

^SONY  Service  Manual,  DXC-1600  Color  Camera,  Vol.  1,  2,  SONY  Corp.,  New 
York  [n.d.l;  Supplement  (April  1975). 

^Closed-Circuit  Video  Equipment,  Camera  Model  TC1005,  Operating 
Instructions,  RCA,  Closed-Circuit  Video  Equipment,  Lancaster,  PA  [n.d.]. 
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A-4 . 4 Computer 

Computer  maintenance  instructions  are  in  the  NOVA  1200  manuals 
from  Data  General  Corp.** 

A-4 , 5 Television  Monitor 

Television  monitor  equipment  should  be  maintained  by  a qualified 
TV  repair  facility.  Adjustments  are  described  in  the  equipment  operating 
manual . ^ 

A-4. 6 Video  Tape  Recorder 

Video  tape  recorder  equipment  should  be  maintained  by  a qualified 
Sony  repair  facility.  Operating  procedures  are  described  in  the  Sony  AV-3600 
rnemual . ^ 

A-4 . 7 Teletype 

The  TTY  equipment  should  be  repaired  by  a qualified  TTY 
maintenance  facility. 

A-4. 8 Low  Voltage  Supplies 

Maintenemce  instructions  for  low  voltage':  supplies  are  in  the 
Powermate  0EM-18-D  and  PXS-D-5V  and  Dynage  KH-12-12  maintenance  manuals. 


015-000002,  Rev.  3, 


’^Technical  Manual  SOVR  1200,  Data  General  Corp. 

Southboro,  MR  (July  1973) . 

^CONRRC  Television  Monitor  Model  SNR,  Installation  and  Operating 
Instructions,  CONRRC  Corp.,  Covina,  CR  [n.d.J. 

^SONY  Service  Manual,  RV-3600  Videocorder,  SONY  Corp.,  New  York  (1970); 
Supplements  (Rugust  1971,  February  1973). 

'Operating  Instructions  for  Regulated  Power  Supply, 

Power /Mate  Corp.,  Hackensack,  NJ  [n.d.J. 

^Operating  Instructions  for  Regulated 
Power/Mate  Corp.,  Hackensack,  NJ  [n.d.J. 

^Operating  Instructions  for  Model  KH-12-2 
Bloomfield,  CN  [n.d.J. 


Model  OEM-18-D, 


Power  Supply,  Model  PSX-D-5V, 


Power  Supply,  Dynage,  Inc., 
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APPENDIX  B. — COMPLETE  PROGRAM  LISTING  OF  THE  DRAGON  SIMULATOR  IN  NOVA  ASSEMBLY  | 

LANGUAGE  j 


The  Dragon  simulator  program  in  NOVA  assembly  Icinguage  is  listed  in  this 
appendix. 
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nils  appendix  shows  the  Johns  Hopkins  Applied  Physics  Laboratory  program 
(fig.  C>'1)  and  its  listing  for  the  NOVA  guidemce  equations  simulation  for  the 
Dragon  simulator. 


Figure  C-1.  Computer  program  for  Dragon. 
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PROGRAM 


VSIGtfrCDDV 

V SIGHT 

[1] 

[2]  ffZ-^0 

V 

7A?EV[D]V 

V NEW 

[I]  'READ  TARGET  SPEED  IN  KM /HR' 

C2]  STOTAL^Q 

[ 3 ] TGSPD^U 

[4]  Ey-*-0 

[5]  EZ-*—5 

[6]  'READ  TARGET  RANGE  IN  METERS' 

C 7 ] TGRNG*-U 

[8]  IR-^-TGSPD-x.^ 

[9]  Z);^Z-^143,14  3,14  2,142,141,14  0,139,138 ,137,136 

[10]  IJ7Z-^£il'Z,134,132,130,12  8,12  6,123,121,118.115,112 

[II]  £>l'Z-*-DP'Z,109,106,103,99,95,92,88,84,80,75,71,67,63 

[12]  Z?i'Z'^Z?VZ,58,53,48,44,39 

[13]  £>7^-^0,5,10,15,20,25,30,34,39,44,48,53,58,63,67,71,75, 
80,84,88,92,95,99,103,106,109,112,115,118,121,123,126, 
128,130 

[14]  £l7y-^£l7y,132,134,136,137 

[15]  ZMAX-^0 

[16]  X^O 

[17]  STEP*-0 

[18]  y-^0 

[19]  Z-^0 

[20]  TOF->-0 

[21]  FRFLG->-0 

[22]  ZSl-*-0 

[23]  ZS2-*-0 

[24]  yji-t-o 

[25]  IS2-^0 

[26]  Z3’02’i4L-^115 

[27]  7y-<-o 

[28]  VI-*-0 

[29]  7Z-^9  9 
[3  0]  SEY-^0 

[31]  STEZ->-0 

[32]  START -.SIGHT 

[33]  DEY-^EY-SEY 

[34]  DEZ-*-EZ-STEZ 

[35]  SEY-*-EY 

[36]  STEZ*-EZ 

[37]  TOF-*-TOF*l 

[38]  -*START*\TOFi22 

[39]  X-*-X*3 


APPENDIX  C 

PROGRAM  (Confd) 

[40] 

[41]  Z^Z-^VZ-b 

[42]  ZMAX->-ZMAX[Z 

[43]  •*-ERD*\X>TGRNG 

[44]  VZ->-VZ-ll 

[45]  X*-X-[.XR*X*TGRNG 

[46]  STEP-t-STEP*! 

[47]  y-^y-L(oi?y*52’ffPx5)t8 

[48]  yoy3'^Lyx4*(  sxsrpp) 

[49]  Z-<rZ-l(DEZ*STEP*b)*B 
[5  0]  ZOUT-*-\.Z^^*(b>iSTEP) 

[51]  XDF-*-X-XSl 

[52]  yji-t-y 

[53]  YSUM^YDF*YS2 

[54]  yS2-^Ly5Wx7*8 

[55]  YP^Y*2*XSUM 

[56]  ■*START*\T0Fi.bb 

[57]  SGY^l 

[58]  COMPR^22S^ 

[59]  WUMP1^\YP>0 

[60]  5'Cy-^-l 

[61]  YP^-YP 

[62]  .7t/MPl  :PPI-^L(yP+26)*  53 

[63]  PHI-t-PHIVlb 

[64]  LPPi’*2)  + l 

[65]  DELVZ^DVZIJZ 

[66]  DELVY-^-DVYl.J'\->^SGY 

[67]  PHI*-PHI -20 

[68]  ■*-JUMP2^\PHI<0 

[69]  COMPR-*-COMPR-{Ob^PHI) 

[70]  JUMP2:-fJUMP3»\TOF*3& 

[71]  FRFLG->-l 

[72]  ZSl->-Z 

[73]  AY^DELVY 

[74]  AZ^DELVZ 

[75]  JUMP3:ZDF*-Z-ZS1 

[76]  Z51-^Z 

[77]  ZSUM->-ZDF*ZS2  / 

[78]  ZS2*-\.ZSUM*2 

[79]  ZP<*-Z  + 11  xZS£/M 

[80]  ZTOTAL^ZTOTAL-¥(21H-lZPtlO) 

[81]  *JUMP^*\FRFLG=0 

[82]  VY^VY^AY 

[83]  V'Z-^KZ+AZ 

[8  4]  X,Y ,Z,VY ,VZ»DELVY ,STOTAL,COMPR ,ZMAX ,YOUT  ^ZOUT 

[85]  ZMAX-^Z 

[86]  FRFLG-^0 

[87]  -*31  ART 
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PROGRAM  (Cont*d) 

[88]  JUMP>*:-*START^iZTOTAL<COMPR 

[89]  FRFLG^llS 

[90]  STOTAL*-ZTOTAL 

[91]  ZTOTAL->rll5 

[92]  AY-*-DELVY 

[93]  AZ^DELVZ 

[94]  -fSTART 

[95]  ENDiTGRNG,TGSPD,X,Y,Z,EY,EZ 
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VARIABLES 


Note:  Time  t = 1/30  s. 


AY,  AZ 


DELVY,  DELVZ 


Horizontal  and  vertical  chamge  In  velocity  when  thruster  Is 
fired  (mllllmeters/t) 

Horizontal  and  vertical  ch2mge  In  velocity  If  thruster  Is 
fired  at  current  value  of  wgle  <t>  (mllllmeters/t) 


DVY,  DVZ  Tables  from  which  DELVY  and  DELVZ  are  teUcen.  Values  are  143  x 

sin  <t>  and  cos  <t>  In  2<-deg  Increments  (milllmeters/t) 

DEY,  DEZ  Difference  between  two  successive  values  of  EY  and  EZ  (seem 

lines) 


EY,  EZ 


Horizontal  euid  vertical  distance  that  line  of  sight  Is  from 
center  of  teurget  (scam  lines) 


FRFLG 


Flag  Indicating  that  It  Is  time  to  fire  thruster 

Angle  measure  from  negative  z axis  Indicating  In  idilch 
direction  thruster  Is  to  be  fired 

Sign  of  angle  ((i 

Number  of  time  Increments  after  missile  exits  from  launch  tube 


TGRNG 


TGSPD 


VZ,  VY 


Ramge  to  target  (meters) 

Target  crossing  velocity  (kllomete’'s/hour) 

Time  of  flight,  number  of  t Intervals  after  trigger  pull 

Vertical  and  horizontal  crossing  velocity  of  missile 
(mllllmeters/t) 


Distance  of  missile  from  launch  tube  (meters) 


Y,  YOUT 


Horizontal  distance  of  missile  from  line  of  sight  (millimeters 
amd  scam  lines) 


Z,  ZOUT 


Crossing  velocity  of  taurget  (mllllmeters/t) 

Vertical  dlstamce  of  missile  from  line  of  sight  (millimeters 
and  scan  lines) 
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D-1.  SCOPE 

This  specification  estzJslishes  the  perfonncmce,  design,  development, 
and  test  requirements  for  the  Dragon  Flight  Simulator  (DFS) . 


D-2.  APPLICABLE  DOCUMENTS 

The  applicable  documents  will  be  determined  later. 


D-3.  REQUIREMENTS 

D-3.1  System  Definition 
D-3. 1.1  General  Description 

The  DFS  shall  consist  of  four  subsystems  as  follows: 

Dragon  tracker  simulator 

Training/test  set 

Tactical  target  set 

Training  target  set 

a.  The  Dragon  tracker  simulator  shall  consist  of  a simulated 
tracker  that  closely  resembles  the  tactical  Dragon  tracker  and  shall  perform 
all  the  functions  required  for  missile  flight  simulation  2md  hit  or  miss 
determination  «dien  operated  with  targets  conflg\ired  with  the  tactical  target 
set  or  the  training  target  set.  The  subsystem  shall  provide  sultedsle  signals 
to  an  associated  strap-on  Multiple  Integrated  Laser  Engagement  Simulator 
(MILES)  System  laser  to  indicate  target  engagement  cuid  target  kill.  The 
subsystem  shall,  in  addition,  perform  the  following  functions: 

1.  Simulate  the  missile  flight. 

2.  Present  an  image  of  the  missile,  under  control  of  the 
simulation,  proceeding  downremge  in  the  sighting  telescope,  and  present 
thruster  firings  at  the  correct  time  emd  roll  angle. 

3.  Automatically  remge  on  either  taurget  set,  auid  Incorporate 
this  range  into  the  flight  simulation  to  determine  when  a hit  or  a miss 
occurs. 

4.  Generate  a "kill  zone"  of  variable  dimensions  with 
reference  to  the  upper  Infrared  (IR)  source.  The  placement  of  the  kill  zone 
with  respect  to  the  upper  IR  source  is  variable  in  the  vertical  dimension  and 
centered  on  the  upper  IR  source  in  the  horizontal  dimension. 
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5.  Determine  a hit  or  a miss.  That  is,  when  the  simulated 
missile  passes  the  target  plwe  (as  determined  by  the  ranging  function)  emd 
is  contained  within  the  kill  zone  envelope,  the  simulator  scores  a hit. 

6.  Sense  the  gunner's  aiming  motions  with  respect  to  the 
target,  and  simulate  the  missile  flight  accordingly. 

7.  After  a hit,  provide  a simulated  explosion  centered  on  the 
missile  position  in  the  gunner's  sighting  telescope. 

8.  Provide  a launch  signal  to  the  assoclal^^ed  launch  effects 

simulator . 

9.  Provide  . for  audio  and  video  recording  of  the  gunner's 
tracking  and  simulated  flight  display. 

10.  Provide  a realistic  audible  thruster  sound  wd  a hit 

sound. 

11.  Simulate  distracting  effects  such  as  smoke  and  fog. 

12.  Be  capable  of  simulating  the  scene  and  flight  display  seen 
through  the  night  sight  tracker. 

b.  The  training/test  set  when  connected  to  the  Dragon  tracker 
simulator  shall  perform  the  following  functions: 

1.  Display  video  from  the  tracker  simulator  vidicon  with  a 
superimposed  representation  of  the  gunner's  sighting  telescope  crosshairs  2md 
the  kill  zone. 

2.  Record  euid  play  back  the  video  and  audio  signals  from  the 
Dragon  tracker  simulator. 

3.  Provide  switching  and  control  to  allow  the  tracker 
simulator  to  operate  on  automatic  ranging  or  a nuuiually  input  range  from  the 
training/test  set  pemel.  Range,  either  automatic  or  manual,  shall  be 
displayed  on  the  tralnlng/test  set.  When  the  simulator  is  in  the  manual 
range,  the  kill  zone  size  shall  be  appropriate  to  the  rauvge  selected. 

4.  At  the  conclusion  of  eui  engagement,  provide  a readout  of 
the  following:  (a)  range  to  the  target  at  the  beginning  of  the  engagement, 
(b)  reuige  to  the  target  at  the  end  of  the  engagement,  and  (c)  engagement 
result : 
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f 

i 


zone . ) 


Hit  (The  missile  passed  the  target  pleme  within  the  kill 


Miss  (The  missile  passed  the  target  plane  outside  of  the 

kill  zone.) 

Short  (The  missile  impacted  with  the  ground;  that  is,  it 
went  more  than  8 ft  (2.4  m)  below  the  point  at  which  it  made  a tr2msition 
from  ballistic  to  guided  flight,  short  of  the  target  pleme.) 

The  X and  y coordinates,  in  meters,  of  the  missile  with 
respect  to  the  kill  zone  center  as  it  passes  the  target  pleme  in  a hit  or  a 
miss  (In  a short  round,  the  remge  at  which  ground  impact  occurred  shall  be 
indicated. ) 


5.  Perfom  the  system  test  functions  to  ened^le  the  operator 
to  determine  the  operability  of  all  functions  without  engaging  a target. 

c.  The  tactical  target  set  shall  consist  of  three  IR  light 
sources  emd  a control  interface  with  the  target  MILES  installation.  The 
light  sources  shall  be  as  follows: 

1.  One  light  visible  360  deg  in  azimuth  and  ±20  deg  in  the 
vertical,  positioned  on  top  of  the  target  vehicle 

2.  One  light  visible  200  deg  in  azimuth  emd  ±20  deg  in  the 
vertical,  positioned  in  the  same  vertical  plane  normal  to  the  target  vehicle 
longitudinal  center  line  as  the  top  light  and  some  meters  (to  be  determined) 
below  it  on  the  left  side  of  the  vehicle 

3.  One  light  identical  to  that  of  item  2,  but  on  the  right 
side  of  the  vehicle 

The  light  sources  shall  have  the  option  of  being  powered  directly  by  the 
t^u:get  vehicle  24-Vdc  power  system  or  by  the  control  interface  with  the  MILES 
system,  in  which  case  the  lights  shall  be  turned  on  at  the  beginning  of  em 
engagement  and  extinguished  at  the  completion  of  the  engagement. 

d.  The  training  target  set  shall  consist  of  two  IR  light 
sources  to  lae  mounted  on  a TOW/Dragon  target  board  and  powered  directly  by 
the  target  vehicle  24-Vdc  system.  The  two  lights  will  be  identical  to  the 
light  described  in  item  c.2  wd  mounted  to  the  top  emd  bottom  of  the  target 
boeurd. 
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The  DFS  shall  perform  the  training  mission  when  configured  with 
the  Dragon  tracker  simulator  euid  the  training/test  set  Interconnected  and 
located  on  the  training  reuige  firing  line.  The  tracker  simulator  shall  be 
attached  to  the  launch  effects  simulator.  The  target  vehicle  will  be  any 
suit2d>le  vehicle  such  as  the  M151  jeep  configured  with  a TOW/Dragon  target 
board  and  the  training  target  set.  The  system  may  be  operated  in  either  the 
manual  or  the  automatic  range. 

When  configured  for  war  games,  the  Dragon  tracker  simulator 
shall  operate  with  the  launch  effects  simulator.  The  target  vehicles  will 
ordinarily  be  tanks  or  armored  personnel  carriers  configured  with  the 
tactical  target  set.  The  system  will  be  completely  independent  of  fixed 
facilities  and  will  be  able  to  operate  over  emy  terrain  in  which  the  Dragon 
system  could  be  employed. 

D-3.1.3  Threat 

The  concept  of  threat  does  not  apply  to  the  DFS. 

D-3.1.4  System  Diagrams 

System  diagrams  are  in  the  User's  Manual  (app  B of  this  report). 

D-3.1.5  Interface  Definition 

The  DFS  shall  Interface  with  systems  and  devices  external  to 
itself  as  shown  in  table  D-I  (p.  181) . 

Table  D-II  (p.  182)  defines  the  electrical  eUid  optical  interfaces 
between  subsystems  of  the  DFS.  There  are  no  physical  interfaces,  except  for 
electrical  connections  between  the  DFS  emd  the  training  test  set. 

D-3 .1.6  Government  Furnished  Property  List 

No  Government  furnished  property  is  required. 

D-3 . 1 .7  Operational  emd  Organizational  Concept 

The  concepts  for  operation  and  organization  will  be  determined 

later . 


D-3. 2 Characteristics 

D-3. 2.1  Perfontance  Cheuracteristics 

The  DFS  shall  have  the  following  performance  characteristics: 


\ 


\ 
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TABLE  D-l.  EXTERNAL  INTERFACES  WITH  DRAGON  FLIGHT  SIMULATOR 


External  system 
or  device 

Physical  interface 

Electrical  interface 

Launch  effects 
simulator  (LES) 

Dragon  tracker  simulator 
mounts  to  LES  tube 
exactly  as  tactical 

Dragon  tracker  mates  to 
tube . 

Dragon  tracker  simulator 
provides  delayed  launch 
signal  to  LES;  LES  provides 

12  Vdc  at  some  milliamperes 
(to  be  determined)  to  Dragon 
tracker  simulator. 

Tactical  target 
vehicle 

Infrared  ( 1 R)  light 
sources  mount  to  top  and 
both  sides. 

21|  Vdc  at  15  A is  provided  to 
target  interface. 

Target  control  interface 
mounts  adjacent  to  MILES 
con t ro 1 unit. 

MILES  target 
i ns  ta  1 1 a t i on 

Target  control  interface 
receives  engagement  in 
progress  signals. 

MILES  Dragon 
strap-on  uni t 

MILES  mounts  to  Dragon 
tracker  simulator  or  LES. 

Dragon  tracker  simulator 
provides  engagement  in 
progress  and  kill  signals  to 

MILES. 

Training  target 
vehi c 1 e 

- 

2k  Vdc  at  10  A is  provided  to 

1 R lights. 

TOW/Dragon 
target  board 

IR  light  sources  mount  at 
top  and  bottom. 

Vdc  at  10  A is  provided  to 

1 R lights. 

Simulated  missile  flight. — The  flight  simulation  shall  employ 
the  actual  guidcuice  equations  to  faithfully  reproduce  the  flight 
characteristics  of  the  Dragon  missile  with  respect  to  the  trajectory  in 
response  to  aiming  motions,  velocity,  thruster  firings,  range,  euid  the 
duration  of  the  flight. 

Optical  simulation.-- The  optical  simulation  of  the  missile  euid 
thruster  firings  shall  be  of  a shape,  a size,  and  an  intensity  approximating 
the  gunner’s  view  of  a live  Dragon  round.  The  missile  color  shall  be  orange 
red.  The  thrusters  shall  be  white  cuid  plainly  visible.  The  visual  hit 
indication  may  be  a stylized  representation,  but  must  be  prominent. 


Aural  simulation.— The  aural  simulation  of  the  thruster  firings 
and  hit  shadl  be  representative  of  the  Dragon  system,  shall  have  the 
appropriate  duration  and  timing,  and  shall  be  readily  heard  cUid  distinguished 
from  one  emother. 
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TABLE  D-ll.  SUBSYSTEM  INTERFACES  OF  DRAGON  FLIGHT  SIMULATOR 


From 

Dragon 

To:  tracker 
simulator 

Training/ 
test  set 

Tactical 

target 

set 

Training 

target 

set 

Dragon 

tracker 

Launch  signal 
Thruster  firings 
Hit  indication 

Miss  distance 
Television  range 
Video  signal 

Ki 1 1 zone 

Short  indication 

None 

None 

Training/ 
test  set 

Diagnostic 

trigger 

Manual  range 
Manual  kill 
zone 

None 

None 

Tactical 

target 

set 

Infrared 
(IR)  lights 

None 

None 

Training 

target 

set 

1 R 1 i ghts 

None 

None 

Automatic  ranging. — The  automatic  ranging  feature  shall  have  an 
accuracy  of  ±10  percent  when  used  with  a properly  configured  target. 

Infrared  light  tracking. — The  vidicon  and  logic  system  shall  be 
able  to  maintain  a 95~percent  track  on  a moving,  properly  configured  target 
under  solar  lighting  conditions  from  full  dark  to  bright  day.  A manual  iris 
control  may  be  used. 

Simulation  of  distracting  effects. --The  system  shall  be  able  to 
simulate  distracting  effects  such  as  smoke  emd  fog. 

Simulation  of  missile  flight. — The  systtsm  shall  be  ed^le  to 
simulate  the  scene  cuid  missile  flight  display  seen  through  the  night  sight 

tracker. 
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Tactical  target  set:  40  lb  (17.92  kg) 

Training  target  set;  20  lb  (8.9  kg) 

The  elements  of  the  DFS  shall  conform  to  the  following 
dimensional  criteria: 


Dragon  tracker  simulator.— The  Dragon  tracker  simulator  shall  be 
contained  within  the  approximate  envelope  of  the  Dragon  tracker.  Minor 
deviations  from  the  Dragon  tracker  envelope  are  permitted  for  ease  of 
packaging  and  mainteneuice , but  dimensional  integrity  of  the  points  of  gunner 
interface — that  is,  eyepiece,  left  hand  grip,  euid  trigger  assembly— shall  be 
maintained . 


Training/ test  set. — The  training/test  set  shall  be  of  a size  and 
a shape  to  be  easily  handled  by  two  men. 

Tactical  target  set. — The  tactical  target  set  shall  be  sized  to 
present  minimum  ctumges  to  the  target  vehicle  profile  emd  clearances  while 
having  the  required  angular  visibility. 

Training  target  set. — The  training  target  set  shall  be  sized  to 
obscure  no  more  of  the  TOW/Dragon  target  board  than  necessary.  Rotation  of 
the  target  board  when  mounted  in  an  M151  jeep  shall  be  possible  without 
interference . 

The  DFS  shall  be  transportable  as  follows: 

Dragon  tracker  simulator;  in  the  tactical  Dragon  tracker 
carrying  case  or  attached  to  a launch  tube  or  launch  effects  simulator 

Training/test  set;  in  an  integral  case 

Tactical  target  set:  in  a czurrying  case  or  mounted  on  the 

target  vehicle 

Training  tcurget  set;  in  a carrying  case  or  mounted  on  the 
TOW/Dragon  target  board 


i 
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APPENDIX  D 


Storage  shall  be  as  configured  for  treuisport  or  use. 

The  elements  of  the  DFS  sh2Ql  be  of  a durability  suitable  for 
the  intended  use. 

D-3 .2.3  Relicd>ility 

Reliability  of  the  DFS  will  be  determined  later. 

D-3. 2. 4 Maintainability 

Maintainability  of  the  DFS  will  be  determined  later. 

D-3 .2.5  Availability 

Availability  of  the  DFS  will  be  determined  later. 

D-3 .2.6  System  Effectiveness  Models 

No  system  effectiveness  models  are  applicable, 

D-3 .2.7  Environmental  Conditions 

The  environmental  conditions  for  optimum  perfomicmce  of  the  DFS 
will  be  determined  later. 

D-3. 2. 8 Nuclear  Control  Requirements 

Mo  nuclear  control  requirements  are  applicable. 

D-3. 3 Design  emd  Construction 

The  design  euid  construction  of  the  DFS  shall  conform  to  the 
required  specifications, 

D-3. 4 Docinnentation 

Documentation  will  be  determined  later. 

D-3 . 5 Logistics 

Logistics  will  be  determined  later. 

D-3 . 6 Personnel  and  Training 

Meeds  for  personnel  emd  their  training  will  be  determined  later. 
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